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ABSTRACT 
A virus causing mosaic, mottle and blister like patches on 
Amaranthus gracilis Desf. was investigated and characterized. 
The virus is restricted to a very narrow host range infecting 
Amaranthaceae and Chenopodiaceae families. The virus gives distinct 
local lesions on Chenopodium amaranticolor and Amaranthus gracilis. 
The virus under investigation was found to be easily transmitted by 
mechanical sap inoculation and by aphid vector, Myzus persicae, in a 
non-persistent manner. The virus was not transmitted by dodder, however 
seed transmission was found. 
Buffers such as acetate, borate and citrate were found to inhibit the 
activity of the virus while as phosphate buffer (O.IM, pH 7.0) was found 
to be the most suitable extraction medium for retaining virus infectivity. 
The virus in crude sap lost its infectivity at a dilution of 10"^  has 
thermal inactivation point 55°C and remained infective for 3 days at 
10°and5daysat4°C. 
The virus was isolated by a procedure involving extraction of the 
virus in O.IM phosphate buffer pH 7.0, clarification by 30% chilled 
chloroform, precipitation of the virus by PEG 6% in presence of 0.1% 
NaCl followed by two cycles of differential centriftigation. Removal of 
the host contaminants was achieved by rate zonal density gradient 
centriftigation on linear sucrose columns. The virus exhibited a single 
light scattering band in sucrose columns and infectivity was found 
associated with this band. 
The purified preparation when examined in a UV spectrophotometer 
gave a spectrum typical of nuclear proteins. The nucleic acid was isolated 
by phenol chloroform and orcinol test and was found to be RNA. 
The ratio of A26(/A28o for nucleoprotein was 1.2. SDS-PAGE of viral 
capsid showed only one type of protein sub-unit having a molecular 
weight of C. 32,000 daltons. The clarified preparation of virus negatively 
stained with 2% uranyl acetate showed flexuous filamentous particles 
measuring 760 x 11 nm. 
Ultra thin sections of infected leaves showed three types of inclusion 
bodies scattered in the cytoplasm of cells viz. long lamellar aggregates, 
scrolls and pin wheels. ELISA results gave positive response for strains 
ofpotyvirus. 
RT-PCR and IC-RT-PCR confirmed the results when checked by 
amplification with potyvirus specific primers. The band was eluted and 
cloned in a suitable cloning vector (pGEM-T Easy Vector) and a product 
of ~650 bp for CP was cloned and the nucleotide sequence deposited in 
the gene bank under the accession number AM261746 and GQ251520. 
Based on pairwise alignment of nucleotide maximum similarities 96-
97% was found with ZYMV (Zucchini Yellow Mosaic Virus) isolated 
from Singapore and China. The dendogram also showed the close 
similarities with ZYMV. 
On the basis of result obtained by virus transmission, PCR 
amplification, sequence alignment of nucleotide, amino acid and analysis 
of CP gene, showing close similarities with ZYMV, the present isolate 
has been proposed to be placed in potyvirus group, as ZYMV is a definite 
member of genus potyvirus. 
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INTRODUCTION 
Amaranths, collectively known as amaranth belongs to family 
Amaranthaceae. The word is derived from a Greek word 'amaranthos" meaning 
never fading flower. Presently about 60 species are recognized of which several 
species are often considered as weeds, others are valued as leaf vegetable, 
cereal and ornamentals. 
Amaranth is cultivated on a small scale in parts of India, Nepal, Peru 
and Mexico. Its species are reported to have a 30% higher protein value than 
other cereals. It is a grain crop of moderate importance and provides a good 
source of dietary fiber and dietary minerals such as iron, magnesium, 
phosphorus, copper and especially manganese. 
Its species are cuhivated and consumed as leaf vegetable in many parts 
of the world. 
The genus also contains several well-known ornamental plants such as 
A. caudatus, A. hypochondriacus. Amaranth seeds contain protein that is 
unusually complete for plant sources. Amaranth seed or oil is beneficial for 
those with hyper tension and cardiovascular disease and its regular 
consumption reduces blood pressure and cholesterol levels improving 
antioxidant status and some immune parameters. 
Most of its species are armual weeds, commonly known as pig weeds. 
About 20 species are found wild or cultivated throughout India, which has been 
regarded as one of the two main centers of distribution, the other being tropical 
America. Dioecious forms are absent fi-om the Indian zone and from the old 
world in general whereas they are found in the New World. 
The grain amaranths are widespread in India. They have been grown 
along the whole length of the Himalayas from Kashmir to Bhutan and also on 
the South Indian Hills. 
The leafy amaranths are tall, soft wooded annuals grown for their 
green leaves and succulent stems and are cultivated throughout India. 
Amaranth may be considered as one of the most nutritious plant of the 
world. Botanists and nutritionists have studied different leaf and grain 
amaranths and have found that the plant has very nutritious properties 
especially in its high protein, calcium, folic acid and vitamin C content. 
Amaranth seeds (often called grain) contain a nearly perfect balance of 
essential amino acids that the human body needs to make proteins. Essential 
amino acid lysine, which is scarce in all other cereals grain is abundant in 
amaranth. A consideration of rice and amaranth in 1:1 ratio, has been 
designated as an excellent way to achieve the protein allowance. 
Amaranth leaves contain a vitamin called folic acid which is an 
essential vitamin for the entire family. As it contains high level of proteins and 
fats, amaranth is a good source of energy. 
Several species of Amaranthus growing wild as weeds have been used 
as green vegetables. Leaves of ^ 4. caudatus are rich in vitamin C, vitamin A and 
iron (Chauhan, 1968). A. spinosus which" is found growing as a weed 
extensively in fields possesses medicinal properties (Kirtikar, 1918). A. 
paniculatus also possess medicinal properties and is an important source of 
food for the hill tribes of India. 
Virologists all over the world have been primarily concerned with 
viruses causing economic losses in cultivated plants overlooking many species 
that grow in and around cultivated areas as weeds which might act as reservoirs 
of many important viruses. Frequency with which wild plants are infected with 
viruses is very high (MacClements and Richards, 1956). 
In all probability most economically important viruses have moved from 
wild plants to cultivated ones when new crops have been introduced into an 
area. Viruses that are introduced with cultivated plants often infect wild plants 
which form a permanent reservoir of virus for further cultivated crops. Interest 
in viruses in wild plants may result in greater efforts to prevent virus spread 
from them. Bennet (1952) expressed the opinion that "there are still many 
viruses in weeds waiting to escape into cultivated plants and can be considered 
"emerging viruses". 
Wild plants are not useless. They are source of food, fodder, medicines 
etc. Medicinally wild plants are much more important than cultivated plants. 
A mosaic disease has also been reported on A. caudatm. The affected 
leaves exhibit mosaic, mottling of light and dark green patches. Plants are 
stunted, veins and veinlets of young leaves turn yellow and the leaves become 
crinkled and slightly puckered (Govindswamy et al, 1967). 
A. gracilis Desf. (Green pig weed) is encountered in fields where other 
crops are grown or cultivated. Leaves of ^ . gracilis are used as pot-herbs and 
also for other culinary preparations. It is utilized as a vegetable specially in 
Uttar Pradesh, Punjab, and Haryana. 
Mosaic disease has been reported on the plant A. viridis Linn causing 
distinct mottling in young and old leaves and irregular chlorotic patches 
alternating with dark green areas over the entire lamina (Phatak, Curr. Sci. 
1965). 
A. gracilis was found growing at Aligarh practically throughout the 
year, and was found to be infected with a virus, showing leaf mottle and 
distortion. Tests of plants growing in localities widely separated from each 
other showed that the disease was wide spread. 
The prevalence and the severity of the disease lead to conduct studies on 
this virus and efforts were made to study the disease of amaranthus, identify it 
and characterize the causal virus. 
The present study was taken up to characterize the virus as well as to 
identify and place it in a group. 
0f JLitepati eview Of oL uaramre 
REVIEW OF LITERATURE 
Scanning of the literature for virus infection on Amaranthus 
{Amaranthus gracilis Desf) revealed few reports on virus diseases occurring 
naturally on this plant. A critical review of the reports regarding the work done 
on viral diseases is represented here. 
Host range and symptomatology 
Several viruses have been reported to infect different species of 
Amarathus. A. retroflexus has been reported as host of cucurbits mosaic virus 
Doolittle and Walker, 1923, 1925), bean mosaic virus (Zenmeyer and Keams, 
1936), potato virusX (Dykstra, 1939), beet yellows virus (Roland, 1939, 
Goryushin, 1959), a virus causing disease m banana (Silberschmidt & Nobrega, 
1941), sugar beet mosaic virus (Pound, 1947; Bennet, 1949), hydrangea ring 
spot virus (Brierly and Lorentz, 1957), Iris ring spot virus (Travis, 1957) and 
barley stripe mosaic virus (Singh et al, 1960). A. retroflexus was reported to be 
a carrier of Colarado red node virus of bean (Thomas, 1950). It was reported to 
be a local lesion host of potato virus F (Bagnall, 1960) and of an aberrant strain 
of potato latent ring spot virus (Larson, 1944). 
A. caudatus was found to be a host of beet mosaic virus (Smrz, 1966, 
1971). Local lesions were incited by a virus causing disease in rug or beet in 
Rumania (Pop, 1959), and Iris mosaic virus (Brunt and Margaret, 1966). A. 
tricolor was found susceptible to red currant ring spot virus (Klesser, 1951) and 
Amorphophallus mosaic virus (Capoor et al,. 1969). Local lesions were incited 
in A. tricolor var. splendens by tobacco ring spot virus (Tuile-John, 1960) and 
in A. tricolor and A. caudatus by cobbage black ring spot virus (McClean and 
Cowin, 1952). 
A. blitum, A. edulis and A. leucocarpns were found to be local lesion 
hosts of potato virus X (Nagaich and Upreti, 1965). Beetyellows virus was 
reported to infect A. retroflexus and A. deflexus (Canora, 1955), A. gangeticus 
and A. retroflexus (Bercks & Zinmer, 1956) and A. aureus and A. speciosus 
(Grela, 1966). A. retroflexus and A. tricolor were reported to be hosts of tomato 
black ring spot virus (Samson & Imle, 1942). A. albus, A. monstrosus, A. 
paniculatus and A. aureus were reported to be hosts of beet mosaic virus 
(Khristova, 1950). Potato leaf roll was successfully transmitted by Myzus 
persicae to A. caudatus, A. graeujans and A. retroflexus (Natti et al., 1953). 
Hollings (1959) found that some type of localized reaction was evoked on A. 
caudatus by 28 viruses and out of these 6 viruses viz. beet ring spot, celery 
yellow vein, Prince's yellow strain of cucumber mosaic, Lucerne mosaic, 
Cambridge isolate of tobacco ring spot and one strain of tomato aspermy virus 
became systemic in the host whereas beet yellows, carnation mottle and 
tobacco mosaic viruses caused symptomless infection. 
Phatak (1965) described a severe mosaic disease of A. blitum and A. 
viridis. The disease was sap transmissible and caused distinct mosaic mottle in 
young and old leaves, severe yellowing of veins, large irregular chlorotic 
patches alternating with dark green areas over the entire lamina. The virus was 
transmitted by sap inoculation to A. crucutus, A. blitum, A. gangaticus, A. 
leucocarpus and A. mangostanus. 
Govindaswamy et al. (1967) described a mosaic disease of 
Amaranthus from Coimbatore. The virus causing the disease infects 
Gamphrena globosa, Nicotiana tabacum and N. glutinosa in addition to 
Amaranthus spp. and was not transmitted by Aphis craccivora, A. gossypii and 
Myzus persicae. 
Singh et al. (1972) described pigweed mosaic virus which caused a 
severe disease of Amaranthus viridis around Delhi. The symptoms were 
described to start as mild chlorotic interveinal patches gradually increasing 
along the veins and finally developing mosaic of dark green and chlorotic 
areas. Only species in the genus Amaranthus were infected. The virus was 
transmitted non-persistently by Aphis craccivora, A. gossypii and Myzus 
persicae. The virus was inactivated by 10 minutes exposure at 60''C, withstood 
dilution of 1:100 and remained active for 9 days at room temperature (15-
32°C). The virus has flexuous long particles 700 to 725 nm long and 14 nm 
wide. 
Ramakrishnan et al. (1971) described a new mosaic disease of 
Amaranthus gangeticus. The virus caused plant stunting leaf crinkling and 
mosaic mottling and was transmitted by sap and by Aphis gossypii, Nicotiana 
glutinosa, Petunia hybrida, Gomphrena 'globosa, Celosia cristata and 
Achyranthes aspera were infected. They reported thermal inactivation point as 
60-65*'C, dilution end point as 1:10'^  - 1:10"^  and longevity in vitro of 72 hr. 
Electron Microscopy 
Viruses within a group have similar properties, which are not shared by 
viruses of other groups. Such properties are often referred to as main 
characteristics of the group e.g. particle morphology, serological relationship 
and mode of transmission. When a virus collected from the field matches some 
of the main characteristics, it can be tentatively assigned to a group. By this one 
can predict a number of other properties and make control strategies without 
describing the virus completely. A number of methods have been developed for 
detection and diagnosis of viral diseases. The three methods most commonly 
used are bioassay, electron microscopy and serology. Bioassay is probably the 
most common approach. Electron microscopy is useful for detection of a 
number of viruses, but the instrument is expensive and availability is limited. 
Although serological techniques have proved to be valuable diagnostic tool 
their use in detecting broad spectrum of viruses is limited by the availability of 
antisera. 
In recent years, cytological, techniques have been developed for the 
detection of virus induced inclusions. These intracellular structures are 
characteristic for the virus inducing them and have proved to be valuable 
agents in the diagnosis of plant viral diseases (Christie et ai, 1995). 
EM alone can be used for detection of viruses at various stages of 
growth (Vertaccini and Marani, 1982). 
Immunoassays 
These can be characterized as quantitative analytical methods applied 
for measuring biologically important compounds/organisms using antibodies as 
specific analytical reagents. These are based on unique recognition reaction 
between antibodies and antigen, which elicit their production. 
Immunological assay is an important method for disease diagnosis and 
pathogen detection. It offers great versatility in type of test and format used in 
specific serological test (Van Regenmorttel, 1982). 
Enzyme labeled antibodies have been used in the detection of various 
antigens in tissue sections (Nakane and Pierce, 1982) but their use in 
quantitative procedures started in 1970s (Engvall and Prelmann, 1972). 
Microplate of ELISA has been introduced for diagnosing variety of antigens 
(Voller et al, 1978a). ELISA assays fall in two major groups. 
1. Homogenous assays, which are generally restricted to molecules of low 
molecular weight such as drugs, haptens and hormones etc. 
2. Heterogenous assays, which are suitable for detecting macromolecules 
and plant or animal pathogens (Voller et al, 1978b). In case of 
heterogeneous assays the reacting and non-reacting components are 
separated. The antigen is immobilized on a solid surface and the various 
reactions are present at the reaction site in a predefined sequence. 
Between every two steps of the sequence is the washing phase which 
removes the unwanted inhibitory substance fi-om the reaction site and only 
specifically immobilized reagents are retained. Of various kinds of 
heterogenous assays, the most commonly used for detecting plant viruses 
is double antibody sandwich enzyme linked immunosorbent assays (DAS-
ELISA), which was first described in detail for plant viruses by Clark and 
Adams (1977). However the same principles of operation apply to the 
entire immunosorbent assay. 
Based on enzyme labeled antibody employed, the ELISA procedure can 
be termed as direct or indirect. ELISA involves the targeting of the trapped 
antigen by unconjugated specific antibody, which in turn is detected by an 
enzyme labeled anti-immunoglobulin molecule, which is available 
commercially. To explain further, if the specific antibody was produced in 
rabbit, then the anti species antibody such as goat anti rabbit immunoglobulin 
conjugated to an enzyme is used for detection purpose. The choice of particular 
ELISA product to be adopted is based on thorough understanding of merits and 
demerits of a procedure and type of investigation to be carried out. The use of 
crude specific antiserum and the commercially available enzyme conjugate in 
indirect procedure and the application of indirect ELISA in studies of 
serological relationship makes it a versatile tool. The direct procedure has a 
higher specificity for serotype detection and for large scale routine testing 
(Khetrapal and Maury, 1990; Khetrapal et ai, 1990). 
ELISA has revolutionized the diagnosis for assessing the disease for 
certification purposes and for control through quarantine or eradication 
procedures. The application of ELISA in epidemiology is now increasing as it 
is being used more for studying the occurrence/distribution of various 
strains/races and biotypes of a pathogen. 
The popularity of ELISA is largely due to inherent advantages in this 
technique over the conventional serological methods used for detecting plant 
pathogens. Due to repetitive nature of handling the reactants, in ELISA a large 
number of samples can be analyzed simultaneously with ease and precision and 
technique can be subjected to automation. Also the technique is more sensitive 
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as compared to known biological or serological methods of detection. The 
ELISA technique can be learned and applied even with limited experience in 
serology. Micro computer technology along with ELISA readers has made the 
handling and analysis of ELISA data extremely easy. Besides, with the advent 
of monoclonal antibodies, ELISA has become an indispensable tool for 
screening the hybridomas (Khetrapal and Kumar, 1995). 
Polymerase chain reaction as a tool to analyze viral genome 
Polymerase chair reaction (PCR) is a technique for the in vitro 
amplification of specific DNA sequence by the simultaneous primer extension 
of the complementary strands of DNA. The PCR method was desijted and 
named by Mullis & Faloona, 1987 although the principles had been described 
in detail by Khorana and colleagues (Kleppe et al., 1971, Panet & Khorana, 
1974) over a decade earlier. PCR is capable of producing a selective 
enrichment of a specific DNA sequence by a factor of 10 .^ The PCR thus 
provide, a simple ingenious method to exponentially amplify specific DNA 
sequences by in vitro DNA synthesis. PCR amplification requires two synthetic 
oligonucleotide primers that are complementary to the sequence flanking the 
DNA segment to be amplified. These primers define the ends of the DNA 
(target) that will be duplicated when a DNA sample is heated. The two 
complementary strands separate allowing the primers to bind to the flanking 
sequence, one on each strand. In the presence of dNTPs and a DNA 
polymerizing enzyme (which was originally the Klenow fi-agment of E.coli 
DNA pol I) subsequently replaced by Taq DNA polymerase a heat stable DNA 
polymerase fi-om the thermophilic bacterium (Thermus aquaticus), the primers 
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then initiate the synthesis of two new strands, complementary to the original 
targets. Moreover since the target product are also complementary to and 
capable of binding primers, each successive cycle essentially doubles the 
amount of DNA synthesized in the previous cycle. Accumulation of the 
specific target fragment is exponential, described by the reaction 2" where 'n' is 
the number of cycles. The technique works well with degraded DNA, as well 
as with intact DNA and with pieces as small as 50-100 bp being amplified even 
when the DNA is not in a very pure form. 
PCR offers several advantages compared to more traditional methods of 
diagnosis, organisms need not be cultured prior to their detection by PCR, the 
technique possess exquisite sensitivity, with the theoretical potential to detect a 
single target molecule in a complex mixture without using radioactive probes 
and it is rapid and versatile. The technique may be used to investigate precise 
question about the composition of pathogen population and the genetic 
diversity of viruses (Gilberston et al., 1991, Robertson et al, 1991). The use of 
PCR for diagnosis of plant diseases and other applications in plant pathology 
have been reviewed by Merson and Franch (1993). Because PCR amplifies 
nucleic acid, the technique could be useful in overcoming many of the present 
difficulties associated with serological detection methods for example low titre 
of antigen, cross reaction of antibodies with heterologous antigens and 
development and environmental regulation of antigen production. Furthermore, 
small amounts of plant samples, which can be fi-esh, fi-ozen or even dried are 
suitable for PCR method, have been used for detection and to determine the 
genetic variability of plant viruses including potyviruses (Vunsh et al, 1990; 
Langeveld er a/., 1991). 
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The availability of nucleotide sequence of many plant pathogens has 
made possible the development of PCR assays for the detection and diagnosis 
of several viroids, viruses and other pathogens. 
Advantages and disadvantages of PCR 
PCR allows for detection of low titre pathogens which include 
conventional detection methods such as ELISA or dot blot hybridization, 
identification of unknown pathogens (Hadidi et al., 1995) detection of known 
pathogens that are currently detected by lengthy bioassays (Hadidi and Yang, 
1990; Hadidi et al., 1992; Rezanin et al., 1992; Munafra et al., 1992; Yang et 
al., 1992a; Minafra et al., 1993a and b), detection of multiple and unrelated 
pathogens in a single PCR reaction (Minfra et al., 1993b) rapid and sensitive 
evaluation of plants post pathogen elimination therapy, evaluation of cross 
protection (classical or transgenic) (Scrorza et al., 1993); determination of 
specific sequence information with or without cloning from crude total nucleic 
acids (Hadidi et al., 1991; Yang et al., 1992a; Maifra et al. 1993; Zhu and 
Hadidi, 199.., Levy and Hadidi, 1994) and generation of pathogen specific 
clones without pathogen purification (Hayes and Buck, 1990; Hadidi et al., 
1991, Yang et al., 1992a; Minafra et al., 1993a and b; Levy and Hadidi, 1994). 
This list does not describe the complete list of potential pathogen, pathogen 
vectors or pathogen plant characteristics or interactions that can be examined 
by PCR. PCR is primer directed, thus primers can be designed to specifically 
amplify pathogen DNA or cDNA from heterogenous samples. This obviates 
the need to purify the pathogen from infected plant tissue. PCR can be 
performed on very small biological samples, herbarium preserved fungi, or can 
be used to analyze unculturable obligate plant parasites. 
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The major disadvantages include : 
1. The initial expenses in PCR laboratory set up. 
2. The requirement of trained personnel. 
3. Cautious laboratory practices must be followed to prevent possible 
contamination from sample to sample. 
4. Primers design require some knowledge of the target sequence or a related 
sequence from published sequence data and finally. 
5. For political identification of specific target sequence it is useful to obtain 
a specific or related clone for hybridization (this is especially important 
during the development of a new PCR assay when many bands may be 
generated prior to changes in PCR parameters) (Hadidi et al., 1995). 
The potyvirus group is the largest and economically most important of 
the 28 plant virus groups and families. The group was established in 1959 as 
one of the plant virus groups with elongated or flexuous particles. 
Most potyviruses have narrow, often extremely restricted host ranges. 
They flourish in a wide range of crops and environmental conditions. Their 
economic importance is highlighted by the fact that, in a recent survey of the 
ten most important filamentous viruses from each of the ten major world 
regions, 73% were potyviruses. 
Definitive potyviruses are transmitted in the non-persistent manner by 
many aphid species while some possible members have fiingus, mite or white 
fly vectors. Definitive and possible members of the group investigated so far 
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have all been found to induce characteristic 'pin wheel' cytoplasmic inclusion 
bodies in infected plant cells. 
Named after potato virus Y (PVY), poTyviruses comprise several viruses 
causing severe diseases in crop plants which include BCMV, MYMV, BtMV, 
CeN4V. LMV, PRSV, PPV, TEV, WMVI and WMV2 and ZYMV. Several 
viruses of ornamentals are also reported from this group e.g. dasheen mosaic 
virus and tulip breaking virus. 
The group belongs to family potyyividae containing three genera: 
P(Jtyvirus, Rymovirus, and Bymovirus. Of the three genera, potyvirus contain 
by far the most numerous and most important plant viruses. 
Potyvirus consist of a single flexuous rod shaped particle 680 to 900 mm 
long by 72 nm in diameter. They have a single positive RNA species (~ 10 kb) 
and one kind of coat protein subunit. 
Potyviruses cause numerous severe disease of plants which appear 
primarily as mosaics, mottling, chloritic rings or color break or foliage, 
flowers, fruits and stems. Many of them however cause severe stunting of 
young plants and necroses of various tissues. 
Potyviruses overseason in perennial cultivated and weed hosts and for 
seed-transmitted ones, in seed. 
Control of potyviruses is very difficult. It is expected that genetic 
engineering technologies will provide effective resistance in many crops to 
their potyviruses in the near future. 
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Genome 
The genome of potyvirus consists of a single stranded, positive sense 
RNA (~ 10 kb) encapsidated by about 2000 copies of capsid protein (CP) with 
5' terminal linked to protein (VPg) and 3'-having a poty-A tail. The positive 
sense genome directly acts as a messenger RNA with the 5' non-coding region 
acting as an enhancer for transplantation. However, some potyviruses have also 
reported to possess a bipartite genome which contains identical proteins, which 
are processed in slightly different manner due to presence of two strands of 
RNA. 
Translation is generally initiated after recognition of AuG codon by 
following leaky scanning mechanism. The RNA genome contains one long 
open reading frame (ORF) expressed as 350 kDa potyprotein precursor, that is 
proteolytically processed by viral and host proteases into seven smaller proteins 
PI, helper component (HC), 3, cylindrical inclusion (CI), NIa nuclear inclusion 
A, Nib nuclear inclusion B, CP capsid protein, as well as two small putative 
proteins known as 6K1 and 6K2 (Fig. 1). 
(Fig. 1 - Monopartite potyviral genome displaying functional products) 
Two proteinase PI and the helper component proteinase (HC-Pro) catalyse 
only autoproteolytic reactions at their respective C termini. The remaining 
cleavage reactions are catalyzed by either trans-proteolytic or autoproteolytic 
mechanisms by the small nuclear inclusion protein (NIa-Pro), an evolutionary 
homologue of the picomavirus 3C proteinase. 
The genome of potyvirus consists of both conserved and variable 
regions. Helper component proteinase (HC-Pro) and nuclear inclusions b (Nib) 
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Figure 1: Monopartite potyviral genome displaying functional products after translation 
and cleavage. 
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POSSIBLE FUNCTION(S) 
Proteinase; 
Cell-to-cell movement (speculation). 
Aphid mediated transmission; 
Proteinase; 
Cell-to-cell movement (speculation). 
Unknown (possible role in replication) 
Genome replication (RNA helicase); 
Membrane attachment; 
Nucleic acid stimulated ATPase activity; 
Cell-to-cell movement (speculation). 
RNA encapsidation; 
Involved in vector transmission; 
Cell-to-cell movement. 
Genome replication (Primer for initiation of RNA synthesis). 
Major Proteinase 
Genome replication (RNA-dependent RNA polymerase [RdRp]). 
Unknown, but possible roles in: - RNA replication; 
- Regulatory fimction inhibiting NIa nuclear translocation; 
Membrane anchoring of replication machinery. 
Table 1: Potyvirus proteins and their known and speculated functions. 
contains conserved regions, while the variable regions are present in P1, P3 and 
the coal protein (CP). It has been reported that P3 displays low homology 
between species (Ward and Shukla, 1991). Inspite of the variation observed 
between P3 proteins of distinct potyviruses P3 protein is conserved between 
strains where it plays an important role in the functioning of the virus. P3 is 
found to be associated with proteins involved in viral RNA replication (i.e. C1 
as a helicase, Nib as an RdRp, and Vpg as a genome linked protein). Therefore 
it is believed to play an important role in the replication of potyviral RNA. 
Lovisolo and Lisa 1976 described Amaranthus leaf mottle virus 
(AmLMV) from the Mediterranean region. 
Casslta et al. (1989) reported a violate from naturally infected C. 
arrense having close serological relation with barley yellow mosaic virus and 
plum pax virus. 
Other viruses reported on Amaranthus 
Sarosh and Mahmood (1980) reported CMV affecting Amaranthus 
gracilis. The virus was sap transmissible and was also transmitted by Myzus 
persicae in non-persistent manner. 
CMV on Amaranthus tricolor for the first time was also reported by 
Raj et al. (1977). The virus was transmitted by non-persistent manner. 
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MATERIALS AND METHODS 
In this chapter the relevant details of the materials used and the methods 
generally applied are described. 
MAINTENANCE OF VIRUS INOCULUM 
(a) Cultivation of plants : The plants used in the experiments were grown in 
clay pots of 4" and 6" diameter, filled with a mixture of soil, sand and compost 
in a ratio of 2:2:1. The soil used was autoclaved for one hour at a pressure of 
20 lbs per square inch for 2 h for sterilization. The pots were sterilized by 
rinsing with 4% formalin solution. 
Seeds were sown in 10" diameter clay pots for raising seedlings and 
transplanted singly in small pots when they were about 2 weeks old. 
Plants belonging to family Cucurbitaceae and Leguminosae were raised 
by directly sowing in 6" pots. For inoculation, the plants were used two weeks 
after transplantation, except the plants belonging to families Cucurbitaceae and 
Leguminosae, which were inoculated at cotyledon stage. 
All the plants raised were kept in an insect proof glasshouse at a 
temperature of 25-30°C. 
(b) Virus Culture : Young leaves of naturally infected Amaranthiis gracilis 
Desf, showing mosaic mottle, blisters and distortion of leaves growing in and 
adjoining areas of Aligarh, AMU Campus were macerated in a prechilled 
mortar with pestle with simultaneous addition of phosphate buffer (O.IM, pH 
7.0). The slurry thus obtained, was squeezed through double layered cheese 
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cloth and centrifiiged at 5,000 rpm for 10 min. the supernatant thus obtained 
was used as inoculum to inoculate the plants of Amaranthus gracilis Desf. 
To ensure the biological purity of virus and to avoid any possible 
contamination, the sap obtained from A. gracilis plant showing symptoms, was 
inoculated to Chenopodium amaranticolor, a local lesion host of the virus. The 
lesions developed after 4-5 days were excised singly and macerated on a glass 
slides separately with the help of a glass spatula in a drop of phosphate buffer 
(O.IM, pH 7.0) and then inoculated separately to young ^. gracilis plants. After 
symptoms developed, only one out of the inoculated plants was taken for 
further experiments to maintain pure culture of the virus. 
TRANSMISSION 
Different methods of transmission were employed to ascertain the 
spread of virus in nature. Standard methods and some modifications were 
carried out for the transmission studies. 
By Sap Inoculation 
Young infected leaves of A. gracilis showing symptoms were macerated 
in a pre-chilled mortar with pestle with the addition of phosphate buffer (O.IM, 
pH 7.0) using 2 ml of buffer for each gram of leaf tissues. The slurry was 
sqeezed through double layered cheese cloth and centrifiiged at 5,000 rpm for 
10 min. The supernatant thus obtained was used for inoculation and has been 
termed as Standard Inoculum (SI) in further tests. 
Three to four fully expanded leaves of the plants were used for 
mechanical inoculation of the virus. The leaves were predusted imiformly with 
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carborundum (500 mesh) and standard inoculum was applied gently but firmly 
on the upper surface of the leaves with the help of forefinger by keeping the 
other hand beneath the leaf to be inoculated. The inoculated leaves were rinsed 
with gentle stream of water before the inoculum on the surface of the leaves 
dries up. 
Biological Transmission 
Attempts were made to find out the mode of transmission of virus in the 
field. Therefore, insect, soil, debris and seeds were used to study the 
transmission. 
Insect Transmission 
By Aphids: Raising of virus free Aphids 
Viviporous adult aphids were starved for 6 hr at room temperature and 
then placed upon a detached leaf of appropriate healthy host plant in a petri-
dish. The atmosphere inside the petri dish was made humid by covering the 
inner surface of the petridish with wet filter paper. Young nymphs produced by 
such aphids served as the parents for initiating the colony on healthy plants 
maintained in cages of 90 x 90 x 90 cm. Fresh young colonies were maintained 
by transferring them regularly at every 125 days interval to young healthy 
plants. 
Transmission 
To ascertain the mode of transmission by the aphids i.e. either persistent 
or non-persistent following procedures were employed : 
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Persistent 
The nymphs collected from the fresh healthy colony, with the help of 
moistened tip of a Camel's hair brush type A, No. 1, in batches of 8-10 were 
allowed 24 h acquisition feeding on diseased leaves followed by an inoculation 
feeding period of 48 hr on healthy seedlings of test plants without being given 
any pre-acquisition starvation period. The seedlings were covered with Lentz 
cages having wooden frames. The top and two sides of the cage were closed by 
glass and the remaining sides were closed by wire gauze. The plants were kept 
on a zinc tray and the bottom of the tray was covered with the layer of moist 
sand to prevent the passing of the aphids through chinks between the tray and 
the rim of the cage. 
The inoculation feeding was terminated by spraying the plant, with 0.2% 
cypermethrine (insecticide). These test plants were kept in an insect proof glass 
house to observe the development of symptoms. 
Acquisition access period 24 h 
Inoculation access period 48 h 
Number of aphids per plant 10 
Non-Persistent 
The nymphs collected were starved for 1 h in a petridish having the 
inner surface covered with a wet piece of filter paper before allowing them an 
acquisition feeding period of 1-2 min on the leaf of diseased plant. After this, 
the nymphs were transferred to healthy seedlings of test plant. The seedlings 
were covered with cages for an inoculation feeding period of 24 hr. The aphids 
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were killed by spraying the insecticide after the end of inoculation feeding 
period and the plants were kept in an insect proof glass house. 
Pre-acquisition starvation period 1-2 hr. 
Acquisition access period 1-2 min 
Inoculation access period 24 h 
Number of aphids/plant 10 
Dodder transmission 
Cuscuta reflexa Roxb. was trained on.healthy A. gracilis and was then 
inoculated with SI by usual mechanical sap inoculation method after dodder 
established on it. After 10-15 days of inoculation, the stem portion of dodder 
was placed and allowed to train on healthy seedlings of A. gracilis which was 
placed near the infected ones having dodder established on it. The plant was 
kept in an insect proof glass house for observation of symptoms. 
SEED TRANSMISSION 
Seeds collected from virus infected and healthy plants of A. gracilis 
were sown separately in clay pots containing sterilized soil and were kept in an 
insect proof glass house. Plants were observed for 2 months after sowing and 
the numbers of healthy and diseased plants were counted. 
HOST RANGE AND SYMPTOMATOLOGY 
Several species of plants belonging to different families were screened 
for the susceptibility of the virus by mechanical inoculation using standard 
inoculum. At least 3 plants of each species/cultivar at 4-6 leaf stage were 
inoculated and the same number of plants yvere left as control. Plants were 
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observed till two months after inoculation for development, sequence and 
severity of symptoms. Back inoculations from all plants including those which 
did not show any visible symptoms were made to work out the latent infection, 
if any. 
SELECTION OF LOCAL LESION HOST 
The standard inoculum was inoculated on various local lesion hosts 
found in host range studies. The most suitable of them which reacted with 
clear, discrete, and good number of local lesions was selected. 
PROPERTIES OF THE VIRUS IN PLANT SAP 
Biophysical Properties 
Techniques as detailed by Noordam (1973) were employed for 
ascertaining dilution end point (DEP), thermal inactivation point (TIP) and 
longevity in vitro. 
a) Dilution end Point (DEP) 
Infected leaves from inoculated A. gracilis plants were homogenized in 
a pre-chilled mortar with a pestle using phosphate buffer (O.IM, pH 7.0) and 
the sap expressed by passing through two layers of cheese cloth. Ten fold 
dilutions (lO"', 10"^  \0'\ 10"^  and so on) were made and inoculated on to the 
leaves of A. gracilis plant of equal size and having same leaf area. After 5-6 
days of inoculation local lesion development on the leaves were observed. 
b) Thermal Inactivation Point (TIP) 
The sap was obtained from young infected leaves of A. gracilis by 
homogenizing in a pre-chilled mortar with pestle using phosphate buffer (O.IM, 
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pH 7.0). It was then divided into 10 equal aliquots. One test tube was left as 
such at room temperature (control) and others were heated at 40", 45°, 50°, 55°, 
60°, 65°, 70°, 75° and 80°C for 10 min in a water bath in such a way that the 
water level in the bath remained 2-3 cm above the sap level. Three plants each 
of A. gracilis having leaves of equal size were inoculated with the sap, after 
cooling, of each test tube and the local lesions were counted after 5-6 days of 
inoculation. 
c) Longevity in vitro (LIV) 
LIV is defined as the time that virus in crude juice kept at room 
temperature remains infective. Sap prepared by macerating the young infected 
leaves of A. gracilis was divided into two parts. One part was kept at room 
temperature (25± 5°C) and the second part at 4°C. Three plants of A. gracilis 
having leaves of equal size were inoculated with the sap separately at 6 h 
interval up to several days. Local lesions development on inoculated leaves 
were counted. 
PURIFICATION 
Selection of Propagation Host 
To select the appropriate plant species/cultivars for maximum virus 
concentration, various systemic hosts were selected and mechanically 
inoculated with SL 
These inoculated plants were assayed for active virus after an interval of 
2 days up to 20 days of inoculation. The inoculum was made from young apical 
leaves and the local lesions were counted after 5-6 days of inoculation. 
24 
Concentration of virus in different parts of plant 
Inoculated plants of A. gracilis, inoculated 12-14 days earlier, were 
uprooted carefully, washed and dried on blotting sheets. The root, stem and leaf 
tissues were cut into small pieces separately. Sap was expressed from equal 
amounts of root, stem and leaf tissues in phosphate buffer (O.IM, pH 7.0) using 
2 ml buffer for each gram of tissues. Three plants of ^. graciilis having equal 
leaves were inoculated with each sample and the local lesions were counted, 
when appeared, for comparison. 
Standardization of Extraction Medium 
Effect of Buffers 
Various buffers (acetate, borate, citrate, glycine NaOH and phosphate) 
at pH 7.0 having same molarity (O.IM) were tested. The buffers were prepared 
by the method of Gomori (1955) and the pH of the buffers measured by ELICO 
pH meter, model LI-612. 
Sap extracted separately by macerating the young infected A. gracilis 
leaves in each buffer mentioned above was inoculated on local lesion host. A 
buffer in which virus infectivity was comparatively higher was selected and 
used regularly for extracting the virus under study. 
Effect of pH 
Sap expressed by the inoculated A. gracilis plant was divided and kept 
in separated beakers. pH was adjusted by addition of O.IM NaOH and HCl. Six 
plants each were used for inoculating with different pH value having the same 
molarity 0. IM of the phosphate buffer. 
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The plants were kept and the local lesions were counted after 4-5 days of 
inoculation. 
Effect of Additives 
Sodium sulphite, ethylenediamine tetracetic acid (EDTA) and sodium 
diethyl dithiocarbamate were added to the inoculum to find out the effect of 
virus infectivity. These additives were added either alone or in combination 
with others. 
Clarification of Extract 
By Organic Solvents 
Clarification was done by addition of organic solvents viz. butanol, 
chloroform, ethyl alcohol and carbon tetra chloride. These were used either 
separately or in combination. The requisite amount of solvent was mixed and 
the mixture was kept at 4°C for 1/2 hour. The aqueous layer was separated by 
low speed centrifiigation (10,000 rpm for 120 min) and then assayed on local 
lesion host. 
Precipitation of the virus 
Polyethylene glycol (MW, 6,000) was tried using 4, 6 and 8 per cent 
separately with 0.1 per cent sodium chloride. Mixture was then stirred for one 
hour and then kept for half an hour at 4°C in a refi-igerator for precipitation. 
The precipitate was then pelleted by centrifuging the mixture at 16,000 rpm for 
10 min. The pellet obtained was dissolved in extraction buffer and centrifiiged 
at 10,000 rpm for 10 min. The supernatant was collected and assayed on local 
lesion host for comparison of virus infectivity. 
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Differential Centrifugation 
Differential centriftigation was applied to concentrate the virus and get 
rid off the impurities. Ultracentriftigation of different samples was done in a 
model L7-65R Beckman preparative ultracentrifuge using rotor type 60 Tl. 
Normally high speed centrifugation was done at 30,000 rpm for 2 h and the low 
speed centrifugation at 6,000 rpm for 10 min. The pellet obtained after final 
high speed centriftigation was dissolved, in extraction buffer and the 
supernatant obtained after each low speed centrifugation was assayed on 
A. gracilis for determining the virus infectivity. 
Density Gradient Centrifugation 
Linear sucrose gradient columns were prepared by the method of Brakke 
(1960) using 40, 30, 20 and 10% sucrose solutions prepared in extraction 
buffer. Gradient columns were prepared by layering 7, 7, 7 and 3 ml of 40, 30, 
20 and 10% sucrose solutions respectively in 1x3" tubes. The heaviest solution 
was layered first and solutions of decreasing concentration were layered on top 
of each other. The tubes were kept overnight in a refrigerator at 4°C to get a 
linear gradient. 
Next day, 2 ml freshly prepared partially purified virus suspension was 
loaded on each tube with the help of LKB-Varioperox pump and centrifuged at 
24,000 rpm in swing bucket rotor (SW 24.1) for 2 h in a Beckman L7-65 R 
ultracentrifuge. The tubes were taken out after centrifugation and examined in a 
dark room by projecting a narrow beam of light from the top. The light 
scattering band that is the virus zone was removed from the tubes by a 20 
gauge 10 cm long needle bent twice at right angles and attached to a 
27 
hypodermic syringe. The sample thus obtained was diluted with phosphate 
buffer (O.IM, pH 7.0) and the virus pelleted down by high speed centriftigation 
(30,000 rpm for 2 hrs). The pellet obtained was resuspended in phosphate 
buffer (O.IM, pH 7.0) and centrifiiged at low speed (5,000 rpm for 10 min). 
The supernatant, thus obtained was purified virus preparation and was 
inoculated on C. amaranticolor for determining the infectivity of the virus. 
UV Absorption Spectrum 
The purified virus preparation obtained after density gradient 
centriftigation was screened in a CE-594 Double Beam Spectrophotoemter 
after diluting it about 25 times. Absorbance (A) of samples were recorded in 
UV range. Values of Amax/Amin, AiJkm and A280/A260 were determined to get 
the appropriate percentage of viral nucleic acid by comparing the data with 
standard (Gibbs and Harrison, 1976). The spectral curves (absorbance versus 
wave length) were recorded by using an automatic recorder. 
Characteristic of Viral Nucleic Acid 
RNA isolation by RNA Aqueous^^ (Ambion, USA): 
a) The total RNA was extracted by crushing infected A. garcilis leaves in 
liquid nitrogen using mortar and pestle. 
b) Lysis/binding solution of 500 ml was added and centrifiiged for 2-3 
minute at top speed in a microcentrifiige to remove debris. 
c) Equal volume of 64% ethanol was added to the lysate and the lysate/ 
ethanol mixture was applied to the filter. 
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d) The solution was centrifuged for ~ 15 sec to 1 minute or until lysate/ 
ethanol mixture has passed through the filter. 
e) Flow through was discarded and collection tubes were reused for the 
washing steps. 
0 Washing was carried out with 700 ml wash solution and I and then with 
2 X 500 ml wash solution # 2/3. 
g) Filter cartidge was placed into a fresh collection tube. 
h) Elution solution (30 fxl) preheated to ~ 70-80°C was applied to the centre 
of the filter and centrifuged briefly at 10,000 rpm. Elution was done 
again with 30 1^ to get 60 pil of total RNA. 
Isolation of viral nucleic acid from purified virus 
The nucleic acid was isolated by phenol chloroform method prepared by 
Maniatis et al. (1982). Purified virus solution was extracted with a mixture of 
phenol-chloroform (1:1), out of the three layers the upper layer was taken 
whereas the below layers were discarded. Then the extraction was again treated 
with the same mixture and the above steps we're followed three times. 
The diagrammatic representation of the steps followed : 
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200 |il (virus preparation) + 200 1^ (phosphate buffer) + 100 ^ 1 (Extraction 
buffer) + 500 |il (phenol + chloroform) 
1 
Mix the contents on the vortex till an emulsion formed 
i 
Centrifuge at 16,000 g for 3 min 
I 
Lower layer 
(phenol phase) 
discarded 
Upper layer 
(aqueous phase) 
Add chloroform + phenol 
mixture. Repeat the above 
procedure three times 
I 
Low layer 
(chloroform phase) 
discarded 
—r 
Upper layer 
(aqueous phase) 
Add 2.5 Volumes of chilled 
ethanol 
Keep overnight i 
Centrifuged at 15,000 g for 
30 min 
Supernatant 
Discard 
pel llet 
ide Suspen d in RNA free 
water (viral nucleic acid) 
The infectivity of viral nucleic acid was tested on local lesion host and was 
compared with that of the virus. 
Type of Nucleic acid 
The type of nucleic acid contained in the virus was determined by 
orcinol (Shatkin, 1969) and diphenylamine (Burton, 1956) tests for RNA and 
DNA, respectively. 
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Orcinol test 
Orcinol reagent was prepared by adding 100 mg of orcinol and 100 mg 
of ferric chloride (FeCl3.6H20) in 100 ml of concentrated hydrochloric acid 
(HCl). One ml of freshly prepared orcinol reagent was added to 1 ml of nucleic 
acid preparation. The mixture was placed in boiling water bath for 45 min and 
observed for the development of colour. 
Diphenylamine test 
Diphenylamine reagent was prepared by mixing 1 g of Diphenylamine 
in 100 ml of glacial acetic acid and 23.75 ml of sulphuric acid (H2SO4). One ml 
of suitably diluted nucleic acid preparation was mixed with 2 ml of 
diphenylamine reagent and heated at 60°C for 10 min to observe the 
development of colour. 
Sodium Dodecyl Sulphate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) of Purified Virus Preparation for 
Determination of Molecular Weight of Virus Protein 
Molecular weight of viral protein was determined by using SDS-
Polyacrylamide gel electrophoresis (SDS-PAGE) as described by Laemmli 
(1970). An acrylamide concentration of 12% for resolving gel (lower gel) and 
5% for stalking gel (upper gel) was prepared by mixing in appropriate order 
and proportions of concentrated stock solutions. Lower acrylamide gel solution 
was then poured into the mould formed by two glass plates (8.5 x 10 cm) 
separated by 1 mm thick spacers. Bubbles and leaks were avoided. It was then 
left for 30 min at room temperature that led to polymerization. The upper 
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acrylamide gel solution was poured over the lower gel. A comb providing a 
template for seven samples was inserted into the upper gel solution before 
polymerization began. When the polymerization was complete in about 30 min, 
the comb was removed and wells were overlaid with the running buffer (tris 
glycine buffer, pH 8.3). 
Virus was dissociated by heating for 2 min in boiling water bath in the 
presence of O.IM phosphate buffer, pH 7.0 containing 0.2% (w/v) SDS, and 
1% (v/v) 2-mercaptoethanol. Samples containing 10-20 jig of viral protein 
(known by taking UV absorption at 280 nm wave length) mixed with equal 
volumes of sample buffer (containing 10% glycerol, 0.062M Tris HCl, pH 
6.8;p 2% SDS, bromophenol blue and 5% 2-mercaptoethanol) were loaded to 
the wells of the step gel. 
Reagents 
Acrylamide^isacrylamide in 100 ml 
Acrylamide 
Bisacrylamide 
(30:0.8 g) 
30.0 g 
0.8 g 
Components were dissolved in Millipore water and final volume was made 
upto 100 ml. It was covered with aluminium foil, filtered with autoclaved filter 
paper and stored at 4°C. 
Sample buffer pH (6.8): 
Water 
0.5M Tris HCl (pH 6.8) 
Glycerol 
Beta mercaptoethanol 
Bromophenol blue 
4.0^1 
1.0 nl 
1.56^1 
0.4 ^ il 
0.05% (w/v) 2 nl 
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Sample was dissolved in sample buffer or diluted 1:1 (v/v) with sample buffer, 
while for marker equal volume was used (1:1). 
5 X electrode (tank) buffer/litre pH 8.3 
Trisbase 15.0 g 
Glycine 72.0 g 
SDS 5.0 g 
It was dissolved in water, pH adjusted to 8.3 and used at IX concentration. 
Resolving buffer (separating) gel composition (12%) 
dd.HzO 10.05 ml 
1.5MTris-HCl(pH8.8) 7.5 ml 
10% SDS 0.3 ml 
Acrylamide/bisacrylamide 12.0 ml 
10% APS 150^1 
TEMED 15 [i\ 
Total 30 ^ il 
Staining solution 
Coomassie Brilliant Blue R-250 (. 1 %) 100 mg 
Methanol 50 mg 
Acetic acid 10 ml 
Water 40 ml 
Total 100 ml 
It was filtered before use. 
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Destaining solution 
Methanol 50 ml 
Acetic acid 14 ml 
Water 146 ml 
Total 200 ml 
Gel storage solution 
10% acetic acid 
Permanent fixation solution 
Methanol 40 ml 
Trichloroacetic acid (w/v) 10 ml 
dd.HjO 40 ml 
Total 100ml 
Protein in the gel was fixed for one hour before staining. 
The following polypeptide mixture was also loaded in one well of the slab for 
the determination of standard semi logarithmic graph. 
Polypeptide 
Ovalbumin 
Carbonic anhydrase 
Trypsin inhibitor 
Lysozyme 
Aprotinin 
Insulin (b) 
Insulin (a) 
Molecular weight 
45 K 
30 K 
20.1 K 
14.3 K 
6.5 K 
3.2 K 
2.5 K 
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Electrophoresis was performed at 25 mA till the tracking dye reached the 
bottom gel. After electrophoresis, the gel was stained in staining solution (0.1% 
Coomassie Brilliant Blue R-250, 120% acetic acid, and 40% methanol solution 
for 4-5 h./ Excess dye was removed by destaining the gel in solution containing 
7% acetic acid and 10% methanol. 
Molecular weight of the virus protein was calculated using the known 
molecular weight protein marker. 
Electron Microscopy 
Morphology of Virus particle 
A small drop of the clarified virus preparation was placed on a collodian 
coated carbon backed filmed copper grid. After two minutes, the excess of 
samples was drained by touching the grid edge with Whatman No. 1 filter 
paper. The grid was then stained with 2% (w/v) aqueous uranyl acetate solution 
for 90 sec. The samples were alternatively stained with 2% (w/v) 
phosphotungstic acid in identical manner as described above. The prepared grid 
was screened under a JEOL-JEMIOOS electron microscope. The average 
dimension of the particles was calculated by determining the arithmetical 
means from the main maximum length distribution of virions. 
Ultrastructurai Studies 
Young infected leaves of A. gracilis were collected after 10-12 days of 
inoculation for the purpose of ultrastructurai studies. The leaf area exhibiting 
the symptoms were cut into pieces of 1 x 2-3 mm and immersed in 3% 
glutaraldehyde solution in 0.05M phosphate buffer pH 7.0 in small injection 
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vials. After 6 h, the fixative (glutaraldehyde) was drained out and the leaf 
pieces were washed twice with phosphate buffer at an interval of half an hour 
to remove glutaraldehyde. Osmium tetraoxide solution (1%) in 0.0IM 
phosphate buffer pH 7.0 was then poured over the leaf pieces in vials. Vials 
were covered with aluminium foil and allowed to stand for 2 h. The osmium 
tetraoxide solution was carefully taken out and the leaf pieces were washed 
with distilled water. The pieces were then dehydrated in graded series of 
acetone as follows : 
(1) 30% Acetone lOmin 
(2) 50% Acetone lOmin 
(3) 70% Acetone lOmin 
(4) 95% Acetone lOmin 
(5) 100% Acetone 30min 
(Two changes each of 30 min) 
The leaf pieces, after dehydration were cleared in propylene oxide, by 
giving two changes of 30 min each then propylene oxide was substituted with 
1:1 mixture of epoxy resin and propylene oxide and the leaf pieces were left in 
this mixture for 2 h, Mixture of span's epoxy resin was prepared as follows : 
Resin, i.e. Vinyl cyclohexene dioxide (VCD) 10 ml 
Hardner, i.e. Nonenyl succinic anhydride (NSA) 26 ml 
Flexibilizer, i.e. Diglycidyl ether of polypropylene glycol (DER 736) 06 ml 
Accelerator, i.e. Dimethylaminoethanol (DMAE) 0.4 ml 
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Resin, hardner and flexibilizer were first thoroughly mixed and then accelerator 
was added and mixed properly. 
The aluminium caps were then taken off the vials, and propylene oxide 
was allowed to get evaporated. After 8 h, the resin mixture in vials was 
replaced with fresh resin mixture and vials left for another 4-10 h. The properly 
infilterated leaf pieces were then embedded in fresh resin mixture in gelatin 
capsules orienting them suitably for transverse sectioning. 
The capsules in proper holders were transferred to an oven set at 70°C 
for curing of the resin mixture. The properly cured blocks were ready after 24 
h. They were then trimmed and ultrathin sections of silver interference colour 
(i.e. Ca. 70-80 nm) obtained with the help of LKB ultratome Nova. The section 
ribbons were lifted on copper grids. The sections on grids were then stained as 
follows : 
Saturated Alcoholic Uranyl Acetate 
This solution was prepared by dissolving excess of uranyl acetate in 
50% ethanol followed by centrifiigation at 6,000 rpm for 10 min. The 
supernatant was filtered through Whatman No. 1 filter paper. Drops of this 
stain were placed on parafilm on slides, and sections on grids were immersed in 
them and left for 30 min at room temperature. The sections were then rinsed 
thoroughly in 50% ethanol and two lots of distilled water. The grids were then 
drained and fiirther stained with lead citrate as given below : 
Lead citrate solution 
This solution was prepared according to the method described by 
Reynolds (1963) as detailed below: 
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In a 50 ml volumetric flask 1.33 g of lead nitrate and 1.76 g trisodium 
citrate were poured, then 30 ml of CO2 free distilled water (glass distilled 
water) was added and the mixture was shaken at intervals for about 30 min. On 
mixing a thick white precipitate appeared which was dissolved by adding 8 ml 
of IN NaOH solution prepared in carbon dioxide free distilled water and the 
volume was made to 50 ml with carbon dioxide free distilled water. The 
solution, thus obtained, was centrifuged at 6,000 rpm for 10 min to sediment 
any left over precipitate and the supernatant was filtered through Whatman No. 
1 filter paper. 
Drops of the lead citrate solution were placed on parafilm on slides in 
petridish containing pellets of sodium hydroxide to provide a carbon dioxide 
(CO2) free atmosphere. The sections on grids previously stained with uranyl 
acetate were floated on these drops for 10 min. They were then washed 
thoroughly in O.IN NaOH followed by distilled water, drained, dried and 
screened under electron microscope, JEOL JEM 100 S at 80 KV. 
SEROLOGY 
Specific antigen and antibody reaction is one of the useful techniques 
either for assigning the virus to a particular group or to differentiate it at the 
strain level. Antiserum to the virus under consideration was prepared for 
identification of the virus as well as for testing the latent infection in certain 
hosts. 
Raising of Antisera 
Partially purified virus preparation obtained after differential 
centrifijgation was used as antigen for immunization of rabbit. Healthy male 
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albino rabbit approximately 3 lbs in weight and six months old was used. One 
intravenous injection on ear followed by two intramuscular injections in to 
thigh were given one week apart to an albino rabbit using 1 ml partially 
purified virus preparation per injection. For intravenous injection, virus 
preparation was injected into the internal marginal vein of the ear formerly 
shared and rubbed with xylene to avoid contamination and appearance of clear 
vein. For intramuscular injection, virus preparation (1:1) was emulsified with an 
equal volume of Freund's incomplete adjuvant. The emulsion was divided into 
two parts and injected into each thigh of the rabbit. 
Blood was collected from the ear that was not used for injection by 
giving sharp incision after 20, 30 and 60 days of final injection. About 15-20 
ml of the blood was collected at a time and allowed to coagulate for 2 h at 
room temperature (20±5°C) and kept in a refrigerator for 4-6 h. Then, the 
serum was decanted and clarified by centrifiigation 5000 (rpm for 5 min). The 
straw yellow coloured supernatant was collected and stored in sterile small 
ampules by adding few crystals of sodium azide (NaNs). 
ELISA (Enzyme Linked Immunosorbent Assay) 
Direct antigen coating ELISA (DAC ELISA) was performed using 
potyvirus antisera. The basic technique was the same as described by Clark and 
Adams 1977. It was used for assaying by either a competitive or a double 
antibody method and for assaying a specific antibody (Ab) by an indirect 
method. Here through this method we measure Ab levels. 
The putative antiserum has reacted with specific Ag attached to a solid 
phase. Any specific antibody (Ab) molecule bind to the antigen (Ag) and all 
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other material were washed away. Exposure of this complex to enzyme labeled 
anti IgAb results in binding of specific antibody molecules adsorbed from the 
original serum. The complex was washed and the substrate of the enzyme was 
added, resulting in the activity proportional to the amount of specific antibody 
in the original serum. Few enzymes like Horse radish per oxidase (HRPO) or 
alkaline phosphatase have been used to label antibodies. 
Procedure 
1. 100 ml of antigen (1 mg) in carbonate buffer pH 9.6 was coated in each 
well of micro ELISA plates. 
2. Plates were incubated at ST^ C overnight in a humid chamber. 
3. Wells were blocked by 100 ml of 1% BSA or non-fat dried milk 5% in 
carbonate bicarbonate buffer in each well for 6 hrs at 37°C in humid 
chamber. 
4. Wells were washed with Tween-TBS and incubate 100 ml of antiserum 
in each well for 6 hrs. 
5. Wells were washed extensively with Tween-TBS buffer to remove 
unbound antigens (virion particles) and then 100 \d of antisera enzyme 
conjugate is added to each well. 
6. Incubate plate for 1 hrs at 37°C. 
7. Wells were washed with Tween-TBS and 100 ^l of substrate. Then, wait 
till the colour develops. 
Lastly, absorbance measured at 450 nm in ELISA reader (BioRed, USA). 
PBST (phosphate buffer saline and Tween-20): 
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Sodium chloride 0.8% 
Sodium phosphate dibasic (Na2HP04 anhydrous) 0.115% 
Potassium chloride 0.02% 
Tween 20 0.05% 
Potassium phosphate monobasic (KH2PO4 anhydrous) 0.02% 
pH adjusted to 7.4 before making up the volume to 100 ml with double distilled 
water. 
Reverse Transcription Polymerase chain Reaction (RT-PCR) 
Reverse transcription is the process by which cDNA is synthesized from 
RNA. This is done with the help of reverse transcriptase enzyme, which is RNA 
dependent DNA polymerase as it catalyses the conversion of RNA into cDNA. 
RT-PCR was carried out using specific primers in order to identify the virus. 
Composition of RT-PCR reaction 
Amplification of cDNA using PCR : PCR is an efficient means of in vitro 
amplification of specific DNA sequence by using a pair of oligonucleotide 
binding to the opposite strands of DNA. PCR was devised and named by Mullis 
(1987). The prerequisites of the reaction are: 
The DNA sample 
dNTP mix 
Primer pair 
Taq DNA polymerase 
Millipore water 
Thermal cycle 
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The two complementary strands of DNA are separated at (92-95°C). In the 
presence of dNTPs and primers the Taq A polymerase initiates the synthesis of 
two new strands complimentary to the template. The template products are also 
complimentary to the primers, each successive cycle essentially doubles the 
amount of DNA synthesis in the previous cycles (except first). 
In general, PCR is a very useful tool in the detection and diagnosis of 
viruses and other pathogens specifically. 
Amplification of coat protein gene : From the sequence available in EMBL 
data base pair of primers were designed and used in RT-PC which lead to the 
amplification of coat protein gene. The first primers and the second primers used 
were 
First primer 
Dn -9502 - (5'GCGGATCCTTTmTTTTTTTTTT-3') 
Cpup -(5 '-TGAGGATCCTGGTGYATHGARAAYGG-3') 
Second primer 
CP fwd 5' - GCTCCATACATAGCTGAGAC - 3' 
CP rev 5' - AACGGAGCTAATCTCGAGC - 3' 
The assembled components were : 
Contents Quantity 
Taqbuffer(lOx) 5 ul 
dNTPmix(lOMm) 1.5 ul 
Primer (up) 1 ul 
42 
Primer (d) 1 ul 
cDNA polymerase 0.5 ul 
Sterile water 34 ul 
Total 50 ul 
PCR amplification parameters included initial template denaturation at 94°C for 
5 min followed by 30 cycle of PCR consisting of Imin of denaturation at 94°C, 1 
min of primers aimealing at 53°C, Imin of primers extension at 72°C. Steps 
denaturation and elongation were repeated and the final elongation carried out 
at72°C for 10 min. 
Checking of PCR product 
After completion of amplification, the PCR product (10 |xl) mixed with 4 
|il of gel binding dye were loaded on 1% agarose gel and electrophoresed at 80 
volts for 1-2 hrs. 2 |il of 100 bp DNA markers with 4 p\ of loading dye was 
loaded in another well for comparison. After run, the gel was stained in ethidium 
bromide and viewed under UV light (Trans-illuminator). 
Loading dye (6x) 
Ficoll 400 
Bromophenol blue 
Xylene cyanol 
TAE buffer (50x, per litre) 
Tris base 
Glacial acetic acid 
EDTA (0.5 M, Ph 8) 
15% 
0.23% 
0.25% 
242g 
57.1 ml 
100 ml 
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IMMUNOCAPTURE REVERSE TRANSCRIPTION POLYMERASE 
CHAIN REACTION(IC-RT-PCR) As described by JAIN et al (1998) 
Pretreatment and antibody coating 
1. Thin walledO.5 ml micro-centrifiige tube (0.5 ml, Tarsons, India) was first 
treated for 15min each in 0.1 N HCl and 4N NaOH 
2. After each treatment, the tubes were rinsed with PBST (0.02M phosphate,0.5 
M saline, 0.05% Tween - 20, pH 7.5) washed with 95% ethanoi for 15 min 
and air dried at room temperature. 
3. The tubes were then coated with 100 ul of specific antibody diluted to 1:500 
in the coating buffer (0.05 carbonate buffer, pH 9.6) and incubated overnight 
at4°C. 
4. The tubes were washed three times with sterile distilled water and used 
immediately or stored at 4°C till use. 
Sample preparation 
1. Infected leaf tissue (1 g) from A. gracilis was homogenized in 5 ml of 
extraction buffer (phosphate buffer saline, pH 7.4 containing 0.0IM 
sodium sulphate, 2% polyvinyl pyrolidane (MW 40000), 0.02% sodium 
azide, 0.2% powdered coated microfiige tube. 
2. The extract was centrifuged and the supernatant (100 |il) was loaded into 
the antibody coated microfuge tube. 
3. The tube was incubated at RT (20*'C) for 2 h. 
4. Supernatant was discarded and rinsed three times with autoclaved water. 
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5. To destabilize the antibody bound virus particles 70 |il sterile water was 
added to each tube, which was then subjected to two cycles of alternate 
freezing (-80°C) for 10 min and thawing (70°C) for 5 min. 
6. The tubes were then directly used for RT-PCR. 
Elution of the DNA Band 
The amplified product was eluted from the gel using the SIGMA Gem 
Elute™ extraction kit (Germany). 
Procedure 
1. The PCR product was electrophoresed and desired band was cut using 
sterile blade. The weight of the gel slice (DNA fragment) was calculated 
by subtracting the weight of the DNA with ependroff from the empty 
ependroff. 
2. Three gel volumes of the Gel solubilization solution was added to the 
gel slice and incubated at 50-60°C for 10 min or until it gets completely 
dissolved. 
3. 500 |il of the column preparation was added to 1 lit Gen Elite binding 
column and centrifuged for 1 min. Flow was discarded. 
4. Isoproponal was added according to the weight of the eluted gel band. 
5. Gel solution was then added to the binding column and was centrifuged 
twice for I min at room temperature. Flow was discarded. 
6. 700 |il wash solution was added to the binding column and was 
centrifuged for 1 min. 
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7. Filters were taken out and were placed into new ependroff and 15 p.1 
elution solution was added and centrifiiged for 1 min at room 
temperature followed with another addition of 15 |il elution solution and 
centriftigation for 1 min. 
8. The pellet obtained was dried and resuspended in water and used as 
such. 
pGEM-Teasy Vector (Promega, USA) used for ligation of eiuted DNA 
Description 
The pGEM-T Easy Vector Systems are convenient systems for the 
cloning of PCR products. The vectors are prepared by cutting Promega's 
pGEM® T Easy vectors with Eco RV and adding a 3 terminal thymidine to both 
ends. These single 3'-T overhangs at the insertion site greatly improve the 
efficiency of ligation of a PCR product into the plasmids by preventing 
recircularization of the vector and providing.a compatible over hang for PCR 
products generated by certain thermostable polymerases. These polymerases 
often add a single deoxyadenosine, in a template-independent fashion, to the 
3'-ends of the amplified fragments (3,4). 
The high copy number of pGEM®-T Easy Vectors contains T7 and SP6 
RNA polymerase promoters flanking a multiple cloning region within the a-
peptide allows recombinant clones to be directly identified by color screening 
on indicator plates. The multiple cloning region of the vector includes 
restriction sites conveniently arranged for use will Promega's Erase-a-Base® 
system for generating vested sets of deletions. 
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The pGEM-T Easy Vector contain multiple restriction sites within the 
multiple cloning region. These restriction sites allow for the release of the 
insert by digestion with a single restriction enzyme. The pGEM-T Easy Vector 
multiple cloning region is flanked by recognition sites for the restriction 
enzymes EcoRl, BsZl and Not I, this providing three single enzyme digestions 
for release of the insert, while the pGEM-T vector cloning region is flanked by 
recognition sites for the enzyme BstZl. Alternatively, a double digestion may 
be used to release the insert from either vector (Fig.3 & 4). 
The pGEM-T Easy vector system include a 2 X rapid ligation buffer for 
ligation of PCR product. Reaction using this buffer may be incubated for 1 h at 
room temperature. The incubation period may be entended to increase the 
number of colonies after transformation. Generally, an overnight incubation at 
4°C will produce the maximum number of transformant. 
Protocols for Ligations using the pGEM®-T Easy Vectors 
1. Briefly centrifuge the pGEM®-T Easy Vector and control Insert DNA 
tubes to collect contents at the bottom of the tubes. 
2. Set up ligation reactions. 
3. Mix the reactions by pipetting. Incubate the reactions 2 hour at room 
temperature. 
Alternatively, if the maximum number of transformants is required, 
incubate the reactions overnight at 4°C. 
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Figure 2: pGEM®-T Easy Vector circle map and sequence reference points. 
pGEM®-T Easy Vector sequence reference points: 
T7 RNA polymerase transcription initiation site 
multiple cloning region 
SP6 RNA polymerase promoter (-17 to +3) 
SP6 RNA polymerase transcription initiation site 
pUC/M13 Reverse Sequencing Primer binding site 
lacZ start codon 
lac operator 
P-lactamase coding region 
phage fl region 
lac operon sequences 
pUC/M13 Forward Sequencing Primer binding site 
T7 RNA polymerase promoter (-17 to +3) 
1 
10-128 
139-158 
141 
176-197 
180 
200-216 
1337-2197 
2380-2835 
2836-2996, 166-395 
2949-2972 
2999-3 
T7 Transchp(ion Start 
I " 
5' . TGTAA TACGA CTCAC TATAG GGCGA ATTGG GCCCG ACGTC GCATG CTCCC GGCCG CCATG 
3'. . . ACAH ATGCT GAGTG ATATC CCGCT TAACC CGGGC TGCAG CGTAC GAGGG CCGGC GGTAC 
T7 Promoter 
Apai Aatll Sph\ BstZ\ Nco\ 
!fei 
GCGGC CGCGG GAATT CGATT3Y-|___rt in«rt^ ATCAC TAGTG AATTC GCGGC CGCCT GCAGG TCGAC 
CGCCG GCGCC CTTAA GCTA I p " " " ^ "^^f 3'TrAGTG ATCAC TTAAG CGCCG GCGGA CGTCC AGCTG 
'" MI I' II 1 I ^ 1' I ^n\^ ^ ' 
'Sscll fcoRI Spe\ EcoRI I ' Put San 
SP6 Transcription Start 
" 1 
CATAT GGGA GAGCT CCCAA CGCGT TGGAT GCATA GCTTG AGTAT TCTAT AGTGT CACCT AAAT 3' 
GTATA CCCT CTCGA GGGTT GCGCA ACCTA CGTAT CGAAC TCATA AGATA TCACA GTGGA TTTA 5' 
I 1 I I I 1 SP6 Promoter 
Nde\ Saci BstX\ Nsii 
Figure 3: The promoter and multiple cloning sequence of the pGEM®-T Easy 
Vector. The top strand of the sequence shown corresponds to the RNA synthesized by T7 
RNA polymerase. The bottom strand corresponds to the RNA synthesized by SP6 RNA 
polymerase. 
Optimizing Insert 
The pGEM-T Easy Vector systems have been optimized using a 1:1 
molar ratio of the control Insert DNA to the vectors. However, ratios of 8:1 to 
1:8 have been used successfully. If initial experiments with PCR product are 
sub optimal, ratio optimization may be necessary. Ratios from 3:1 to 1:3 
provide good initial parameters. The pGEM-T Easy Vectors are approximately 
3 kb and are supplied at 50 mg/fil. 
To calculate the appropriate amount of PCR product (insert) to include 
in the ligation reaction following equation is used : 
mg of vector x kb size of insert 
X insert: vector molar ratio = mg of insert 
Kb size of vector 
For 3:1 Vector to insert ratio the amount of PCR product required is calculated 
using the formula 
50x750 3 
X = 37.5 mg/|il 
3000 1 
Ligation is an energy dependent process by which the foreign DNA is 
sealed in vitro. Ligase enzyme is generally used in this process, which seals the 
foreign DNA fragment (having cohesive or blunt ends) to the cloning vector. 
The pGEM-Teasy vector has a unique 3' terminal thymidine to both ends 
preventing the re-circulation of the vector and providing complete over hangs 
for PCr product, which has 5' adenine to both ends (due to DNA polymerase). 
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Reaction mixture 
Contents Volume 
2X rapid ligation buffer 5 1^ 
pGEM-T Easy vector (50 mg) 1 i^l 
Eluted DNA (insert) 3 l^i 
T4 DNA ligase (2-3 Weiss units) 1 ^i 
Total 10 III 
The mixture mixed by pipetting, centriftiged briefly and incubated overnight at 
4°C in water bath. 
TRANSFORMATION 
Transformation is the process of uptake of foreign DNA by bacterial 
cells (E. coll) from the medium. This uptake and retention of foreign DNA 
molecules is generally detected by examining the expression of the gene 
carried by the foreign DNA (Brown, 1995). For example, if foreign DNA 
contains the gene for resistance against certain antibiotics, to which normal 
bacterial cells are sensitive, the transformed cells become resistant to these 
antibiotics. These cells are checked for the expression of the antibiotic 
resistance by growth on a selective medium containing the antibiotics. The 
cells, which are not transformed, perish in such medium. 
Preparation of competent cells : 
Competent cells can be prepared either freshly for each use or can be pre 
made and stored at -70"C for the fransformation experiments. E. coli strain 
DH5a were taken to be used for transformation. 
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Procedure for preparing competent cells 
1. Seed culture (5 ml) was grown using single colony and incubated 
overnight at 37°C in an incubatory shaker. 
2. Overnight culture (1 ml) was transferred into 250 ml production culture 
medium and incubated at ST^ C till OD at 600 nm was around 0.5. 
3. Culture was cooled on ice for 15 min and centrifuged at 6000 rpm for 5 
min at 4°C. 
4. Supernatant was discarded carefully and the pellet was suspended in 70 
ml of ice cold, sterile OlM CaC^. 
5. It was incubated on ice for 30 min and the cells were collected by 
centrifugation at 6,000 rpm for 5 min at 4°C. 
6. Supernatant was discarded and pellet resuspended in 70 ml cold and 
sterile O.lMMgCb. 
7. It was incubated on ice for 30 min and centrifuged at 6000 rpm for 5 
min at 4°C. 
8. The cells were finally recovered and suspended in 10 ml of 0.1 M CaCl2 
containing 10% glycerol. 
9. Cells were divided into 200 |nl aliquots and immediately stored at -70°C 
or used for single transformation reaction as the case may be. 
Reagents 
Calcium chloride (CaCl2) 0.1 M 
Magnesium chloride (MgC^) 0.1 M 
CaCl2 containing 10% glycerol 0.1 M 
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TransformatioD of Competent E. coli cells 
i) The competent cells were taken and allowed to thaw on ice for 10 min. 
ligated product (10 |il) was added and incubated on ice for 30 min. 
ii) Heat shock was given at ATC for 90 sec, and immediately transferred to 
ice for 5 min. 
iii) Fresh LB w/o antibiotics (800 i^l) was added and tube contents were 
incubated at 37°C for 1 hr with continuous shaking of the tube. 
iv) The tube contents were centrifiiged at 12000 rpm for 30 seconds and 
supernatant was discarded leaving approximately 100 \i\ of culture in the 
tube. 
v) The pellet was resuspended by pipetting broth and plated on LB agar 
plates containing ampicillin (150 ng/ |J:1) using glass beads. 
vi) The plate was then incubated at 37°C for overnight. 
PLASMID DNA ISOLATION 
Boiling miniprep method by Holmes and Quingley (1981) 
1.5 ml of overnight grown culture was pelleted down in a microflige. 
Supernatant was discarded and the pellet was resuspended in 110 fil of STET. 
To the resuspended cells, freshly prepared lysozyme (in 10 mM Tris HCl, pH 
8.0) was added to a final concentration of 0.5-mg/ml. The tubes were incubated 
at RT for 5 min. These were then incubated in boiling water bath for 30-40 
seconds. The suspension was centrifiiged at full speed in a microflige for 20 
min. Pellet containing the cell debris removed with the help of sterile tooth 
pick. DNA in the supernatant was precipitated by one volume of isopropanol. 
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Precipitated DNA was collected immediately by centriftigation for 20 min at 
full speed in a microftige. Supernatant was removed completely and the pellet 
was dried to remove traces of isopropanol. DNA in the pellet was dissolved in 
sterile water and used as such for further manipulation. 
STET buffer : 8% sucrose, 0.5% tritax X-100, 500 mT Tris-HCl (pH 8), and 
50 mM EDTA (pH 8).Add Triton X-100 after autoclaving rest of the 
components in solution. 
Lysozyme preparation : Millipore water 297 |il, IM Tris-HCl (pH 8.0) 3 [i\ 
and Lysozyme 3 mg. 
DIGESTION OF THE PLASMID DNA USING pvn / / 
For the identification of plasmid bacteria colony that contains 
recombinant plasmids, digestion by pvu II is used. 
Contents 
Plasmid DNA 
lOX Buffer 0^ (FermentosA^TANGO™) 
Enzyme PvuII (10 |j/|xl) 
Millipore water 
Total 
Amount 
10.0 nl 
5.0 nl/10.0 nl 
1.0 nl 
34^1 
50.0 nl 
*In case of Tango 10.0 |j,l is taken but in Genei 5.0 |il is taken. 
Procedure 
i) The digestion mixtures were thoroughly mixed and centrifuged for a 
short run and incubated at 37°C in a water bath for 3 hours. 
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ii) 2.5 volumes of cold absolute alcohol was added in the mixture and 
incubated at 20°C overnight or at -80''C for 45 min. 
iii) The contents were centrifuged at maximum speed for 20 minutes at 4''C. 
iv) The supernatant was removed and the pellet was resuspended in 15 |il 
water. 
v) Agarose gel 1% was prepared and 15 |xl of DNA was mixed with 4 fil of 
gel loading dye. Electorphoresis was carried out at 80 V for 2-3 hours. 
vi) After run the gel was stained in ethidium bromide 1 |ig/ |il for 5 min and 
visualized in UV transilluminator. 
SEQUENCING 
Automated sequencing 
Sequencing reaction was carried out in automated sequencer (ABI Prism 
Model 310 Version 3.4.1) using Big Dye terminator cycle sequencing kit V3 
(Applied biosystem USA) containing 3' fluorescent dye labeled with 
dideoxynucleotide triphosphates. The primer T7 (forward) and SP6 (reverse) 
were used in sequencing of clones of pGEM-T Easy vector. 
The reaction mixture was mixed properly, centrifuged briefly to collect 
the mixture at the bottom of the tube and incubated in termocycler (Gene amp 
9700). 
i) The volume of extension reaction products was raised 10-100 (il by 
addmg H2O and precipitated by adding 10 ^1 of 3M sodium acetate (pH 
4.6) and 250 ^l of absolute alcohol. 
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ii) The reaction mixture was centrifiiged at 12,00 g of 20 min at room 
temperature. 
iii) Supernatant was removed carefully and pellet has marked with 250 |il 
70% alcohol twice at room temperature. 
iv) The supernatant was again removed careftilly and pellet was air-dried 
v) The dry pellet was resuspended in 15 |a.lof Template Suppression 
Reagent (TSR). 
vi) The sample was denatured at PS^ C in Gene Amp (PCR system 9700) for 
5 min. 
vii) After denaturation, the sample was run in automated sequencer ABl 
Prism 310. 
viii) After run, electropheratogram was obtained and analyzed. 
Computer analysis of the sequencing data 
Sequencing data obtained was fed to the computer and analyzed with the 
help of tools like BLAST (Basic Local Alignment Search Tool), Multalin, 
Expasy, Curatools and Clustal W. Sequences were fed to BLAST and percent 
homology obtained. 
TRASLATION 
The nucleotide were translated using the Expasy software and amino 
acid sequences were compared with other available amino acid sequences of 
CP using Multalin program and % homology were obtained using BLAST 
program (Coipet, 1988). 
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RESULTS 
Natural Symptoms 
Naturally infected plants of A. gracilis found in and around AMU Campus 
Aiigarh, showed characteristic mosaic, mottling, light and dark green patches, 
dark green blisters, distorted leaves and the plant remained stunted at later 
stages (Fig. 4.1 & 4.2) 
Glass house symptoms 
Symptoms similar to naturally infected -plants in the field were observed 
on manually inoculated plants grown in the glasshouse. Typical mosaic and 
mottling appeared nearly two weeks after inoculation. Leaf showed reduction 
in size and the growth was retarded (Fig. 5.1 & 5.2). 
TRANSMISSION 
By Sap 
The virus was transmitted manually by sap inoculation using 
carborundum 500 mesh as an abrasive. It was found to be easily sap 
transmissible to different hosts as well as to A. gracilis. 
By Aphids 
Myzus persicae Sulz and Aphis gossypii Glow were used in the study of 
which only M. persicae was able to transmit the virus from diseased plants to 
healthy plants. 
After a preliminary fasting of 1 hr the aphid was able to transmit the virus 
after as short an acquisition and inoculation feeding time as 1 min. The 
symptoms incited on the plants were typical of the vims in the plant. When 
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Fig. 4.1 & 4.2: Naturally infected v4. gracilis plant showing symptoms of 
mosaic, mottling, blister like patches and deformation of leaves. 
Fig. 5.1 & 5.2: Inoculated plants of A. gracilis showing symptoms of 
mosaic, mottling and deformation of leaves. 
acquisition feeding and inoculation feeding time was increased there was a 
decline in the number of plants infected making it evident that the virus is 
transmitted in the manner typical of the non-persistent viruses. 
The result of transmission are as follows : 
Table 2 
Transmission of virus by batches of M.persicae Suiz 
Acquisiting feeding time 
1 min 
2 min 
3 min 
4 min 
5 min 
15 min 
30 min 
Ihr 
24 hr 
Inoculation feeding time 
1 min 
2 min 
3 min 
4 min 
5 min 
15 min 
3 Omin 
Ihr 
24 hr 
Infectivity* 
7/10 
3/10 
O/IO 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
Transmission of virus by batches of M. persicae Sulz after a preliminary 
fasting of 1 hr. 
•Numerator - Number of plants infected {A. gracilis) 
Denominator - Number of plants inoculated {A. graclis) 
By Dodder 
Cuscuta reflexa Roxb. was used in an attempt to transmit the virus under 
study from diseased plants to healthy plants. None of the plants showed any 
symptom even after one month of establishment of dodder plants and no virus 
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could be recovered in back inoculation from dodder inoculated plants to test 
plant. Thus, it appears that the present virus is not transmitted by dodder. 
By seed 
The seeds collected from the infected plants were sown in pots. Very few 
seeds germinated and the plants showed retarded growth and few symptoms. 
Use of a large number of seeds would have given an idea abut the percentage 
of seed transmission, however, the virus is transmitted through seeds. 
Symptomatology and Host Range 
To investigate the experimental host range of the virus, various species 
and cultivars of plants belonging to different families were inoculated 
mechanically using the sap prepared in 0.1 M phosphate buffer pH 7.0 from 
infected A. gracilis plants. Back inoculation were made to ascertain the 
presence of virus. About one hundred and sixteen species of plant distributed in 
29 families were inoculated. Inoculations were done at different times of the 
year to determine seasonal variations in host response, if any. The symptoms 
evoked on different species are as follows : 
A. caudaius L. : No local lesions were evoked on this plant. Systemic 
symptom appeared 10-12 days after inoculation in the young leaves in the form 
of vein clearing followed by slight puckering and a mosaic mottle (Fig. 6 & 7). 
The plants remained stunted and flowering was delayed. 
A. gracilis Desf. - The inoculated leaves showed small circular brovm to black, 
dot like necrotic local lesions 5 days after inoculation at high temperature (in 
summer season), when temperature was low as in winter the local lesion 
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Fig. 6: Inoculated leaves of A. caudatus 
showing decoloration of leaves and necrotic 
lesions. 
Fig. 7: Inoculated plant of A. 
caudatus showing decoloration and 
deformation of leaves and necrotic 
lesions. 
Fig. 8: Inoculated plant of C. amaranticolor 
showing lesions. 
appeared 14 days after inoculation. Leaves were shed soon after the appearance 
of lesions. Systemic symptoms appeared 7-14 days after inoculation. Young 
leaves showed vein clearing which was followed by slight puckering of the 
leaves. Leaves showed a green mosaic mottle. Growth of the plants was 
retarded and they remained conspicuous by stunting. Flowering was delayed 
and few seeds were set. 
Chenopodium amaranticolor Coste and Reyn. The virus caused local lesions 
on this host. Yellow circular lesions were found on the inoculated leaves 5-14 
days after inoculation. The lesions enlarged, becoming difftise (Fig. 8) and the 
leaves were shed thereafter. No visible symptoms were incited on the 
uninoculated leaves and on the newly emerging leaves and no virus recovered 
on back inoculation. 
The virus seems to have a very restricted host range. 
Non-Host: The plants that did not show any systemic or local symptoms after 
mechanical transmission are listed. 
Acanthacee 
Peristrophe biocalycula Nees. 
Apocynaceae 
Catharenthus rosem 
Boraginaceae 
Heliotropium eichwaldi 
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Caryophyllaceae 
Dianthus barbatus L. 
Stellariamedia Cryrill 
Chenopodiaceae 
Chenopodium album 
C. murale 
Compositae 
Calendula officinalis 
Dahlia pinnata 
Zinnia elegans Jacq. 
Labiatae 
Salvia officinalis L. 
Leguminasae 
Glycine max Marr. 
Pisum sativum 
Viciafaba 
Malvaceae 
Abelmoschus esculantus 
Althea rosea Car. 
Solanaceae 
Capsicum annuum L. 
Lycopersicon lycopersicum L. 
Petunia hybrida Hort. 
Solanum nigrum 
S. tuberosum 
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Umbelliferae 
Daucus carota L. 
Verbenaceae 
Verbena hybrida Hort. 
Selection of Local Lesion Host 
The selection of host was done on the basis of the maximum infectivity 
present in the selected host viz. A. gracilis Desf. Chenopodium amaranticolor 
Coste and Reyn and Chenopodium album L. 
Table 3 
Comparison of local lesions produced on different hosts 
Local Lesion hosts 
Amaranthus gracilis Desf. 
C album L. 
C. amaranticolor Coste & Reyn 
Average number of local lesions/leaf" 
22 
08 
11 
* Experiment based on 5 plants each. 
The selection of a local lesion host to assay the virus during the course 
study was limited due to the availability of such hosts. Very few plants evoked 
local lesions. The local lesions produced on A. gracilis were dark in colour, 
consistent, discrete and easily countable. Hence it was selected as local lesion 
host suitable for quantitative assay of the vuiis in summer. A comparison of 
lesions produced on the other two hosts also suggests its suitability. 
Properties of the Virus in Plant Sap 
It is desirable to study the physical properties of a virus in plant sap before 
attempt is made to purify it and study its physio-chemical properties. 
60 
an 
25 n 
20 H 
J) 
C 
_o 
(L> 
- 15 
O 
o 
u 
10-
00 
5 -
0-1-
Amaranthus C. album C. 
gracilis amaranticolor 
Local lesions hosts 
Graph showing comparison of local lesions produced on 
different host 
Information regarding the stability of the virus, the most suitable environment, 
pH and ionic strength of the buffer used are of immense help in determining the 
procedure to be employed for its purification and further characterization. 
Johnson (1927) for the first time supported the use of parameters such as 
thermal inactivation point (TIP), dilution end point (DEP) and ageing in vitro 
in the identification of plant viruses. Study of these characters gives an idea 
about the stability, concentration and other properties of the virus in the plant 
sap, and provides information about the best environment in which to keep the 
virus and maintain its infectivity. Although these studies have restricted value 
(Ross, 1964) still they are of utmost importance in determining the procedure 
for the purification and characterization of a virus. 
Studies on these properties were carried out using A. gracilis as donor 
host and tests were made on the same plant. . 
Thermal inactivation point (TIP) : In crude sap the virus was still active after 
being heated for 10 min at 55°C but was inactivated at 60°C. 
Table 4 
Thermal inactivation point of the virus 
Temperature O^C 
50 
55 
60 
65 
70 
Number of lesions/leaf* 
15 
08 
00 
00 
00 
Dilution End Point (DEP) : the virus in crude sap was found to be infective 
upto a dilution of 10"^  but no local lesions were found at a dilution of 10"^  
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Table 5 
Dilution End Point of the Virus 
Dilutions 
Control (undiluted) 
10-' 
10-^  
10-^  
10-^  
10-^  
10-^  
10-^  
Number of plants 
inoculated 
10 
10 
10 
10 
10 
10 
10 
10 
Number of local 
lesions/leaf 
40 
31 
12 
08 
04 
00 
00 
00 
* Average number of local lesions/leaf based on 5 plant seed. 
Longevity in vitro : Temperature had a great effect on infectivity of the virus 
in crude sap during storage. At room temperature 20-25°C infectivity was 
retained upto 2 days but was lost on the 3"* day. At 10°C the vims remained 
active upto 3 days and when stored at 4''C infectivity was retained upto 5 days. 
Table 6 
Longevity in vitro of the virus when stored at different temperature 
Temperature °C 
Room Temp. 
(20-25°C) 
10 
-4 
Number of location lesions per leaf 
storage of sap in days 
1 
7 
10 
16 
2 
3 
5 
10 
3 
0 
2 
6 
4 
0 
0 
4 
5 
0 
0 
3 
6 
0 
0 
0 
7 
0 
0 
0 
8 
0 
0 
0 
9 
0 
0 
0 
Average of 3 trials /3 plants each. 
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Purification 
Concentration of virus in Different Parts of the Propagation Host 
The distribution of viruses within the plant is uneven. It is worthwhile to 
use only those parts having a high concentration and discard other parts. A. 
gracilis inoculated manually was used and the sap from leaf, stem and root 
tissue was assayed. The result showed that the highest concentration of the 
virus is attained in the leaves of inoculated A. gracilis plants. Stem and root 
have uniformly a low concentration of virus. 
Table 7 
Concentration of virus in different parts of the propagation host 
Parts of the plant 
Root 
Stem 
Leaf 
Number of lesions/leaf" 
40 
44 
94 
Average 3 trials with 3 plants each 
Standardization of Extraction Medium 
Effect of buffers : The effect of various buffers viz. acetate, borate and 
phosphate at different pH levels/values was compared for the extraction of 
virus from A. gracilis. The extract obtained after low speed centrifligation 
(6000 rpm for 10 min) were assayed on C. amaranticolor for the comparison of 
the virus infectivity. 
O.IM phosphate buffer pH 7.0 was found to be the most suitable medium 
for homogenizing the infected tissues as highest infectivity was found with this 
buffer. 
63 
Table 8 
Effect of different buffers 
Buffer 
O.IM acetate 
O.IM phosphate 
O.IM borate 
pH 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.0 
8.5 
9.0 
9.5 
Number of local lesions/leaf* 
60 
120 
180 
200 
39 
40 
10 
04 
50 
62 
73 
34 
Effect of pH: It is evident from the table that-pH 7.0 is the most suitable pH for 
maintaining the infectivity of the virus. Even after an incubation period of 5 hr. 
infectivity was retained. 
Table 9 
Effect of pH 
pH 
5.0 
6.0 
7.0 
8.0 
9.0 
Number of local lesions/leaf 
Ihr 
17 
27 
99 
27 
12 
5hr 
13 
24 
60 
15 
14 
•Average 3 trials with 5 plants. 
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Precipitation of virus with Polyetliylene Glycol (PEG 6000 MW) 
Precipitation from clarified extract obtained after chloroform treatment 
and low speed centrifugation was attempted with different concentrations (2, 4, 
6 and 8%) of polyethylene glycol (PEG 6000 MW) with or without NaCl 
(0.1%). The precipitate obtained in each case was suspended in extraction 
buffer and centrifiiged at 10,000 rpm for 10 min. The supernatant after diluting 
with extraction buffer to bring to the original volume was assayed on local 
lesion host to find out whether the virus is precipitated by PEG under the 
experimental condition. 
Table 10 
Effect of PEG and NaCl on the precipitation of virus 
PEG (6,000 MW) 
02 
02 
04 
04 
06 
06 
08 
08 
NaCl % (w/v) 
0.1 
0.1 
0.1 
0.1 
Average no. of local lesion/leaf' 
Control 
no 
no 
no 
no 
no 
no 
no 
no 
Treated 
50 
39 
44 
35 
76 
67 
51 
44 
* Average of 3 trials with 5 plants 
The results indicated that maximum recovery was with 6% PEG and 0.1% 
NaCl. 
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Purification Procedure : Several procedure were evaluated for the 
purification of the present virus isolate, the method which was found most 
suitable is detailed here. 
Relative infectivity of the samples was determined at different steps of 
purification by assaying on A. gracilis. 
Table 11 
Relative Infectivity at different steps of purification 
Steps of purification 
Supernatant (after 1^ ' low sped) 
Clarification (chloroform) 
PEG 6% + NaCl 0.1% 
precipitation 
Differential centrifligation 
Average number of 
local lesions/leaf* 
79 
110 
62 
47 
Percent relative 
infectivity 
80.00 
100 
60.2 
41.96 
The last pellet obtained after high speed centrifugation was colourless and 
free from any green material. The partially purified virus suspension was 
opalescent and highly infectious. So, the procedure detailed in the flow 
diagram seems to be a suitable and efficacious method for the isolation of the 
virus. 
Purification Procedure 
200 gms infected leaves of A. gracilis were grinded in 400 ml cold 
phosphate buffer 
i 
Squeezed through muslin cloth 
centrifuged at 5,000 rpm for 10 min 
^ 1 
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Pellet (discard) 
i 
Pellet (discard) 
Supernatant (discard) 
r 
Pellet (discard) 
r 
Supernatant (discard) 
r 
Supernatant 
Add 20% chloroform (chilled) drop 
by drop while stirring for 15 min 
at4''C i 
Centrifuge at 10,00 rpm for 10 min 
NaCl 
I 
Supernatant 
Add 6% PEG+ 0.1% 
• Stirr for 1 h 
Keep for V2 h at 4°C i 
Centrifuge at 10,000 rpm for 10 min 
Pellet 
Suspended in 0.1 M phosphate 
buffer pH 7.0 
Centrifuge at 10,000 rpm for 10 min 
Supernatant 
Centrifuge at 30,000 rpm for 2 h 
i 
Pellet 
Suspend in 0.1 M phosphate buffer 
pH7 
Centrifuge at 5,000 rpm for 10 min 
Pellet (discard) 
Flow diagram for the purification of the virus 
supernatant 
(partially purified virus suspension) 
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m Fig. 9: Virus band seen after sucrose density 
gradient centrifiagation. 
I 
Fig. 10: ELISA plate showing j 
decrease in intensity with increase in 
dilutions. ' 
V 
M^ 
Density Gradient Centrifugation 
Further purification was achieved by rate zonal density gradient 
centrifugation. The last traces of plant proteins and other remaining 
contaminants were removed by rate zonal density gradient centrifugation. Two 
ml partially purified preparation of the virus was loaded on sucrose density 
gradients and centrifuged for 2 h at 23,000 rpm in Beckman SW 25.1 rotor. 
After centrifugation, the tubes when examined in a dark room by projecting a 
narrow beam of light down the tubes from the top showed a light scattering 
band. The material removed was inoculated on A. gracilis which produced 
mosaic and mottling on the inoculated plants. The band was removed and 
mixed with buffer centrifuged at 30,000 rpm for 2h in a angle head rotor. Pellet 
resuspended in O.IM phosphate buffer pH 7.0 and centrifuged for 10 min at 
5000 rpm. The resultant preparation was clear, opalescent and infective and 
was treated as purified virus (Fig. 9). 
UV-Absorption spectrum 
The purified virus suspension obtained after density gradient 
centrifugation was examined in an UV-visible spectrophotometer after diluting 
about 25 times shows UV range value Amax/Amin, A260/A280 = 1.2 which is 
required value for the virus as shown in Table. 
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Wavelength 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
Absorbance 
0.540 
0.504 
0.453 
0.410 
0.356 
0.354 
0.410 
0.370 
0.330 
0.272 
0.227 
0.200 
0.171 
Determination of A260/A280 
•'^maximum 
A • • 
•''•niinimum 
A /A • 
A at 260 nm 
A at 280 nm 
A260/A280 
A280/A260 
260 
245 
1.06 
0.410 
0.330 
1.2 
0.804 
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Fig. 11: Electron micrograph 
showing flexous shaped particles 
from a negatively stained preparation 
of clarified virus preparation obtained 
from virus infected leaves of 
A. gracilis. 
^ l i * - ' 
Fig. 12: electron micrograph showing 
decoration of virus particles with 
homologous antibodies. 
Vv 
\ 
Fig. 13: Ultra-thin sections of infected 
leaves showing the presence of 
cylindrical inclusions consisting of pin 
wheels, scrolls and lamellar aggregates. 
Characteristic of Viral Nucleic acid 
Isolation of Viral Nucleic Acid : the viral nucleic acid isolated by phenol 
chloroform method gave positive results when it was assayed on C 
amaranticolor. When the extracted viral nucleic acid was treated with 
pancreatic ribonuclease assayed on C. amaranticolor, no infection was found 
which indicates that the infectious preparation was infact that of RNA. 
Type of Nucleic acid : The orcinol test gave positive result as there was 
development of green colour in the mixture containing orcinol reagent and viral 
nucleic acid. But there was no change in colour in the diphenylamine reaction 
indicating that the viral nucleic acid was RNA. 
Electron Microscopy 
Morphology of Virus particles : The clarified virus suspension negatively 
stained revealed the presence of flexuous rod shaped particles typical of 
potyvirus (Fig. 11). 
ELISA (Enzyme linked Immunosorbent Assay) 
Direct antigen coating ELISA (DAC ELISA) as well as Double Antibody 
Sandwich-ELISA (DAS ELISA) was performed using specific antibody (Ab) 
raised against the virus in the rabbit. After going through DAC ELISA, it was 
found that the wells of the ELISA plate shows different intensity of same 
colour proportional to the amount of the specific antibody in the original serum 
after treating it with different dilutions. Whereas the results in case of DAS 
ELISA shows the presence of virus after coating with specific antibodies 
(obtained from Agdia, USA). 
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Table 12 
Absorbance measured at 450 nm in ELISA reader (Bio Red, USA) 
Raw data report 
25/04/2006 2:26 
Lab name : Bio-Rad Laboratories 
Kit name : End point = 01 
Reading mode : Single 
Measurement Filter : 415 nm (1) 
A 0.054 0.053 0.000 
B 0.054 0.045 0.000 
C 0.050 0.395 0.000 
D 0.051 0.866 0.000 
E 0.050 0.129 0.000 
F 0.045 0.425 0.000 
G 0.052 0.050 0.000 
H 0.050 0.047 0.000 
Antibody taken from IHBT Palampur (Agdia, USA) for reference. 
Control obtained from healthy leaves of ^ 4. gracilis. 
Immunosorbent electron microscopy (ISEM) 
The purified virus isolated from infected leaves of A. gracilis were 
examined for immunosorbent elecfron microscopy (ISEM), in which the virus 
isolate was decorated by homologous antiserum raised in the rabbit as well as 
the antibodies provided by (Bioved, USA). The virus particles were nicely 
decorated (Fig. 12). 
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Isolation of RNA from purified as well as RNA Aqueous^ "^  (Ambion, USA) 
RNA which was obtained after isolating it from purified virus with the 
help of phenol-chloroform isolation method as well as from intact virus (Kit; 
RNA Aqueous'^ , Ambion USA) was isolated and loaded on the gel and the 
RNA band was seen. 
Nucleic acid based detection 
Reverse transcription polymerase chain reaction 
Limitation of ELISA to detect the virus may be overcome by the use of 
RT-PCR and IC-RT-PCR (Franck et al., 1997). 
Total RNA as well as RNA from the purified virus was used for RT-PCR. 
Specific primers for the coat protein gene were designed during the present 
study on the basis of sequence available in the data base. RT-PCR resulted in 
the amplification of-650 bp (Fig. 14). 
Immuno Capture Reverse Transcriptase Polymerase Chain reaction (IC-
RT-PCR) 
IC-RT-PCR was performed as described by Varveri et al. (2002) with 
minor modifications. After IC-RT-PCR we obtained -650 long fragments as 
compared with 100 bp DNA marker (Genei, Bangalore). IC-RT-PCR is more 
rapid, reliable and specific. 
Plasmid DNA isolation and purification : 
Boiling miniprep method by Holmes and Quingley (1981) : After obtaining 
DNA band, it was eluted than ligated in pGEM-T easy vector (Promega, USA) 
as is described and shown in Fig. 2 followed by fransformation to get colonies 
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650bp 
Fig, 14: Showing RT-PCR amplification of coat protein gene in three infected samples 
of A.gracilis (Lanes 2-4) with positive sample (Lane 1). Lane M = 100 bp DNA ladder 
(Genei Pvt. Ltd. Bangalore, India) 
3.0 kb vector 
650bpCP 
insert 
Fig. 15: Restriction digestion of two antibiotic resistant positive clones with EcoR I 
resulting in two bands of vector (3.0 kb) and insert (650 bp). 
with specific insert. This insert was checked by going for plasmid isolation and 
then digested with Pvu II enzyme to check the insert. Here we got the required 
band as is shown in Fig. 16. 
Restriction mapping : In Fig. 15 pGEM(R) T Easy vector contains a multiple 
restriction site with multiple cloning regions. These restriction sites allow for 
the release of the insert by digestion with a single restriction enzyme. The 
pGEM '^^ ^T Easy vector multiple region is flanked by recognition sites for the 
restriction enzyme ECORI, Bert Zl, Pvu 11 etc. 
Sequence analysis : The sequence data was analysed with the Sanger's 
dideoxy chain termination method. Data was searched with the BLAST 
programme (Altschul et al., 1997) using potyvirus (ZYMV) sequences 
retrieved from Gen Bank data base. All data sets were subjected to bootstrap 
analysis and used to build a phylogenetic tree. 
The nucleotide sequence was compared with those of the previously 
reported strains as well as other members of the potyvirus genes. It was found 
that the CP of the virus shows 90-99 per cent homology with the available data 
base sequence. Multiple alignments were generated by DiAlign program 
version 2.1. 
Sequence homology 
The nucleotide sequence of the coat protein of the present isolate 
submitted to the Gen Bank with accession number AM261746 and GQ251520 
was aligned with other sequences reported from different countries of the 
world. The result showed 91-99 per cent homology with other available 
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Fig. 16: Showing eluted PCR product (CP gene) isolated from A.gracilis 
2 M 3 
650 bp 
Fig. 17: IC-RT-PCR based detection of Potyvirus in A.gracilis. Lane 1- positive 
control. Lane 2-amplified IC-RT-PCR product from infected A.gracilis, Lane M- 100 
bp ladder (Genei Pvt. Ltd, Bangalore, India) and Lane 3- negative control (healthy 
A.gracilis) 
Zucchini yellow mosaic virus gene for polyprotein precursor, partial cds, Length= 837 nt 
TCAGGCACTCAGCCAACTGTGGCAGATGCTGGAGCTACAAAGAAAGATAAA 
GAAGATGACAAAGGGAAAAACAAGGACGTTACAGGCTCCGGCTCAGGTGAG 
AAAACAGTAGCAGCTGTCACGAAGGACAAGGATGTGAATGCTGGTTCTCATG 
GGAAAATTGTGCCGCGTCTTTCGAAGATCACAAAGAAAATGTCATTGCCACG 
CGTGAAAGGAAATGTGATACTCGATATTGATCATTTGCTGGAATATAAACCG 
GATCAAATTGAGTTATATAACACACGAGCGTCTCATCAGCAGTTCGCCTCTTG 
GTTCAACCAGGTTAAGACGGAATATGATTTGAACGAGCAACAGATGGGAGTT 
GTAATGAATGGTTTCATGGTTTGGTGCATTGAGAATGGCACTTCACCCGACAT 
TAATGGAGTGTGGGTTATGATGGACGGAAATGAGCAAGTTGAGTATCCCTTG 
AAACCAATAGTTGAAAATGCAAAGCCAACGCTGCGGCAAATAATGCATCATT 
TTTCAGATGCAGCGGAGGCATATATAGAGATGAGAAATGCAGAGGCACCATA 
CATGCCGAGGTATGGTTTGCTTCGAAACCTACGGGATAGGAGTTTAGCACGA 
TATGCTTTTGATTTCTATGAAGTCAATTCTAAAACTCCTGAAAGAGCCCGCGA 
AGCTGTTGCGCAGATGAAAGCAGCAGCTCTTAGCAATGTTTCTTCAAGGTTGT 
TTGGCCTTGATGGAAATGTTGCCACCACTAGCGAAGACACTGAACGGCACAC 
TGCACGTGATGTTAATAGAAAGATGCACACCTTACTAGGTGTGAATACAATG 
CAG 
Translation ofCP 
SGTQPTVADAGATKKDKEDDKGKNKDVTGSGSGEKTVAAVTKDKDVNAGSHG 
KIVPRLSKITKKMSLPRVKGNVILDIDHLLEYKPDQIELYNTRASHQQFASWFNQ 
VKTEYDLNEQQMGVVMNGFMVWCIENGTSPDINGVWVMMDGNEQVEYPLKPI 
VENAKPTLRQIMHHFSDAAEAYIEMRNAEAPYMPRYGLLRNLRDRSLARYAFDF 
YEVNSKTPERAREAVAQMKAAALSNYSSRLFGLDGNVATTSEDTERHTARDVN 
RNMHTLLGVNTMQ 
Multiple sequence alignment of partial coat protein gene of Potyvirus isolate 
(Amaranthus) generated by DiAlign program version 2.1 with other reported 
sequences of Potyvirus 
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251 AG-T-AT—A — G — T — T - - A — A — T C - C CGTG 
251 AG-T-AT~A — G — T — T - -T—A--CC- C — A — T G T -
251 AG-T-AT—A — G — T — T T — A — C C - C—A--TGT-
251 -5 AG-C-AT—T T — T - - A — A — C C - C—A--TGT-
AF014811 
X62662 
AF513550 
L29569 
AY611023 
Ay611021 
AF513551 
Ay074809 
AF127933 
L29569 251 T AG-T-AT—G T—T T—A—CC- C TGT-
Ay611023 251 C - AG-C-AT—T T—T- -A—A--CC- T—A—TGT-
AY611021 251 -T AG-C-AT—T T—T- -A—A--CC- C--A--TGT-
AF513551 251 -T AG-C-AT—T T—T- -A—A--CC- C—A--TGT-
Ay074809 251 -T AG-C-AT—T T—T A—A—CC- C--A—TGT-
AF127933 251 -T AG-C-CT—T T—T- -A—A—CC- r—A—TGT-
AM261746 301 CTC i\GATGA AGGCAGCAGC 320 
DQ925451 301 
301 
301 
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301 
301 
301 
301 
301 
<GCT—A A 
GCG 
GCG -A 
GCA -A 
GCG -A 
GCG -A 
QCG -A 
GCG -A 
GCG -A 
320 
320 
320 
320 
320 
320 
320 
320 
320 
•320 
Table 1. Percent nucleoHde identity obtained by sequence alignment of Potyvirus 
isolate Amaranttis witti ottier sequences of Potyvirus reported worldwide using DiAlign 
program version 2.1. 
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sequences in EMBL data base (Fig. 19, 20). The Accession No. of the groups 
with whom the present sequence was ahgned are given below : 
1. L31350 ZYMV California 
2. D00692 ZYMV Conneticut 
3. FJ705271 ZYMV Yaz.Yaz C 
4.AJ420020ZYMVItaIyI 
5. FJ705252 ZYMV Aza.Mah.W 
6. AY611021 ZYMV CH 99/116 
7.AB188115ZYMVZ5-1 
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10. AYO 74809 ZYMV- Beijing 
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DISCUSSION 
Amaranthus Linn, belongs to family Amaranthaceae. It is a genus of 
annual coarse herbs distributed in the temperate and tropical regions oi" the 
world and is utilized in many parts of the world as a green vegetable. 
About 20 species of this genus are found wild or cultivated throughout 
India. A few are used as pot herbs, while as several species are also reported to 
have medicinal properties (Nandkami, 1954).-
Amaranthus gracilis Desf. commonly known as green or wild amaranth is 
an annual herb, probably of American origin found throughout India in waste 
places. It is also encountered in fields where other crops are grown or 
cultivated. It has 30-60 cm long stem with equally distributed petiole. Flowers 
are in lose slender spikes and the seeds are black. The plant flowers during 
rainy and cold season under cultivation the plant is more succulent. 
Leaves of A. gracilis are used as pot-herb and also for other culinary 
preparations. It is utilized as a vegetable specially in Uttar Pradesh, Punjab and 
Haryana. 
A. gracilis was found growing at Aligarh practically throughout the year 
and was found to be infected with a virus, showing leaf mottle and distortion. 
Test of plants growing in localities widely separated fi*om each other showed 
that the disease was widespread. 
Like other pathogens that affect the production and yield of the crop, 
viruses are of significant importance due to the absence of control measure 
against them in plants. Weeds acts as reservoirs of many important viruses. 
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Mottle and mosaic diseases incited in several species of Amaranthus have 
been reported but no detailed investigation of these diseases and their causal 
viruses have been made. Except for host range, transmission and properties in 
crude sap no other information regarding the viruses causing them are 
available. Symptoms alone, provide the least reliable criteria for identification 
of viruses. The identity of the viruses reported so far to cause the disease in 
Amaranthus is obscure due to inadequate information on the intrinsic properties 
of the causal viruses. 
A mottle disease of A. gracilis prevalent in Aligarh was investigated and 
the identity of the virus causing the disease was established. 
The mottle disease was characterized by chlorosis and mottling of the 
leaves. Raised dark green areas were also seen with distortion of leaves in some 
plants. 
The virus isolate under study is compared with the viruses reported to 
incite mosaic/mottle disease in several species of Amaranthus. Symptoms alone 
are the least reliable criterion for a meaningful comparison. Infact, particle 
morphology and serological studies give more reliable information regarding 
the relationship of a virus with other viruses. Under such circumstances, a 
comparison of other properties such as bio-physical properties, host range and 
transmission studies may provide a valuable data to compare with other viruses 
and to identify the virus isolate. 
Viral transmission and host range 
Nowadays, host range study is not in much use as it is time consuming, 
labour intensive, requires large space and sometime gives confusing results but 
none the less it is still important for purification and maintenance of the culture. 
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The virus causing the disease was characterized and was found to be 
transmitted with ease by manual sap inoculation and by Myzus persicae in a 
non-persistent manner. 
The virus seems to have a restricted host range. Visible symptoms were 
evoked only on few species. Chenopodium amaranticolor and A. gracilis were 
found to be good local lesion hosts of the virus. 
Different workers have reported different plant species as host to 
different viruses which have no comparison with the virus under study, 
Natti et al. (1953) reported successful transmission of potato leaf roll 
virus by Myzus persicae to A. caudatus and A. retroflexus while, Singh et al. 
(1972) described pig weed mosaic virus which was transmitted non-persistently 
by Aphis craccivora, A. gossypii and Myzus persicae. 
Biophysical properties and Viral infectivity 
The virus has a thermal inactivation point between 55-60°C, dilution end 
point of lO'"* and retains infectivity at room temperature (25±5°C) for 2 days. 
The most suitable environment for maintaining the infectivity of the virus is 
provided by 0. IM phosphate buffer pH 7.0. 
In their studies (Singh et al., 1972) and (Ramakrishna et al., 1971) found 
the same thermal inactivation point as the present virus has but differs dilution 
end point and longevity in vitro period then the virus under study. 
Virus purification 
The virus attained maximum concentration in A. gracilis 8 days after 
manual inoculation. Leaves provided the best source of virus as compared to 
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tissue from other parts. The virus was purified by the process involving 
extraction and conventional clarification procedures. 
Comparison with the viruses reported reveals no identity whatsoever 
with the present virus isolate. 
Diagnosis of virus 
Electron Microscopy : Electron microscopic studies of clarified virus 
preparation revealed the presence of flexuous filamentous particles measuring 
760x1 nm. Ultra-structural studies revealed three types of cytoplasmic 
inclusion bodies viz. long lamellar aggregates, scroll and pin wheels in the 
cells. 
A sap transmissible virus, which caused severe disease of Amaranthus 
viridis, described as pig weed mosaic virus by (Singh et al., 1972) was reported 
to have flexuous long particles 700 to 725 nm long and 14 nm wide. The 
pigweed virus can be compared only for its morphology as other features 
mentioned does not show any resemblance with the virus under study. 
Detection by Immunoassay 
Antiserum raised against the virus shows a dilution of more than 32,000 
and DAS ELISA gave positive result. The virus was found to be specifically 
decorated with homologous anti-sera. 
Detection by Polymerase Chain Reaction (RT-PCR) 
Limitation of ELISA to detect the virus may be overcome by the use of 
RT-PCR and IC-RT-PCR technique which are more sensitive than ELISA and 
can detect very low concentration of viruses. RT-PCR was reported to be 10^  
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times sensitive than ELISA. RT-PCR and IC-RT-PCR have shown to have 
great significance for the detection of plant viruses (Frank et al., 1997, Hung et 
al., 2000). Coat protein genes were amplified by RT-PCR using specific 
primers, which were designed during the present study, on the basis of other 
Gene Bank available coat protein gene sequence. 
Our resuh showed that the primers are highly specific to coat protein. 
The coat protein gene was amplified for the first time in India. 
Immuno Capture reverse transcription chain reaction (IC-RT-PCR) 
IC-RT-PCR was performed as described by (Jain et al., 1998) with 
minor modifications. RT-PCR and IC-RT-PCR are more rapid, reliable and 
specific as these methods amplify coat protein specific pair of primers based on 
the unique nucleofide sequence. 
Sequencing analysis 
The sequence of the present isolate was compared with the available 
sequences in the Gene Bank. At the nucleotide level the isolate shows 91-99% 
homology with other CP gene sequences. There are some changes that did not 
lead to the change of an amino acid when translated. After comparing the 
sequence with other available sequences, the dendogram showed that our 
isolate resembles to Zucchini Yellow mosaic virus, hence can be put in 
potyvirus group. 
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SUMMARY 
Amaranth, or Amarant (from the Greek amarantos, unwithering) is a 
genus of annual, coarse herbs distributed in the temperate and tropical regions 
of the world. About 20 species are found wild or cultivated throughout India. A 
few of these species are used as pot-herbs, some yield edible grains and others 
are grown for their brightly coloured spikes and variegated foliage. 
A. gracilis Desf. (Green pig weed or wild amaranth) is an annual herb 
found throughout India in waste places. The plant is an excellent pot-herb. The 
tender tops of the leaves and stem make a good vegetable. It was found 
growing at Aligarh practically throughout the year and was found to be infected 
with a virus, showing symptoms in the form of leaf mottle and distortion and 
the disease was found to be widespread. 
The causal organism was isolated, investigated and designated as 
AmLMV (Amaranthus Leaf Mottle Virus). An experimental host range was 
investigated and it was found that the virus has a very limited host range 
distributed in family Amaranthaceae and Chenopodiaceae. 
A. gracilis and C. amaranticolor were found to be local lesion hosts 
suitable for quantitative assay. 
The virus was transmitted with ease by manual sap inoculation. Aphid 
vector, Myzus persicae was found to transmit the virus in a non-persistent 
manner while as vector, Aphis gossypii failed to transmit the virus isolate. No 
transmission was achieved by dodder but the virus isolate was found to be 
transmitted through seeds of infected 4^. gracilis plants. 
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The virus isolate has a thermal inactivation point of 55°C and could with 
stand dilutions up to lO"'' and retains infectivity up to 3 days at 10°C and to 5 
days at 4°C. 
AmLMV reached highest concentration in A. gracilis 8 days after 
mechanical inoculation and the virus isolate attained highest concentration in 
leaves of A. gracilis plants. 
Among several buffers tried O.IM phosphate buffer pH 7.0 provided the 
most suitable environment for maintaining the infectivity of the virus. 
AmLMV was isolated by a procedure involving extraction of the virus 
with O.IM phosphate buffer pH 7.0; clarification by 30% chilled chloroform, 
precipitation by 6% PEG with 0.1% NaCl followed by two cycles of 
differential centriftigation. 
Contaminants were removed by rate zonal density gradient centriftigation 
on linear sucrose columns. Purified virus preparation exhibited a single light 
scattering band in sucrose column and infectivity was foimd associated with 
this band. 
Nucleic acid isolated by phenol-chloroform method and orcinol test was 
found to be RNA. 
The ratio of A260/A280 for nucleoprotein was 1.2. SDS-PAGE of viral 
capsid showed only one type of protein sub-unit having a molecular weight of 
C. 32,000 daltons. The clarified preparation of virus negatively stained with 2% 
uranyl actate showed flexuous filamentous particles measuring 760 x 11 nm. 
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Ultra thin sections of infected leaves showed three types of inclusion 
bodies scattered in the cytoplasm of cells viz. long lamellar aggregates, scrolls 
and pin wheels. ELISA results gave positive response for strains of potyvirus. 
RT-PCR and IC-RT-PCR confirmed the results when checked by 
amplification with potyvirus specific primers. The band was eluted and cloned 
in a suitable cloning vector (pGEM-T Easy Vector) and a product of -650 bp 
for CP was cloned and the nucleotide sequence deposited in the gene bank 
under the accession number AM261746 and GQ251520. 
Based on pairwise alignment of nucleotide maximum similarities 96-97% 
was found with ZYMV isolated from Singapore and China. The dendogram 
also showed close similarities with ZYMV. 
On the basis of result obtained by virus transmission, PCR amplification, 
sequence alignment of nucleotide, amino acid and analysis of CP gene, 
showing close similarities with ZYMV, the present isolate has been proposed 
to be placed in potyvirus group, as ZYMV is a definite member of genus 
potyvirus. 
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